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IMPORTANT NOTICE 


Texas Instruments (Tl) reserves the right to make changes in the 
devices or the device specifications identified in this publication 
without notice. Tl advises its customers to obtain the latest version 
of device specifications to verify, before placing orders, that the 
information being relied upon by the customer is current. 


Tl warrants performance of its semiconductor products, including SNJ 
and SMJ devices, to current specifications in accordance with TIl’s 
standard warranty. Testing and other quality control techniques are 
utilized to the extent Tl deems such testing necessary to support this 
warranty. Unless mandated by governement requirements, specific 
testing of all parameters of each device is not necessarily performed. 


In the absence of written agreement to the contrary, Tl assumes no 
liability for Tl applications assistance, customer’s product design, or 
infringement of patents or copyrights of third parties by or arising from 
use of semiconductor devices described herein. Nor does T! warrant 
or represent that any license, either express or implied, is granted 
under any patent right, copyright, or other intellectual property right 
of Tl covering or relating to any combination, machine, or process in 
which such semiconductor devices might be or are used. 


Texas Instruments products are not intended for use in life support 
appliances, devices or systems. Use of a Tl product in such 
applications without the written consent of the appropriate Tl officer 
is prohibited. 


Specifications contained in this reference guide supersede all data for 
these products published by TI in the United States before 
January 1990. 


Copyright © 1985, 1986, 1987, Texas Instruments Incorporated 
Published 1985, Revised January 1986 
Revised October 1987 
Revised July 1990 
Printed in the United States of America 


Introduction 


Texas Instruments Military program offers high-reliability integrated circuits covering a wide 
product spectrum. The program is designed to meet and support semiconductor requirements 
of the military end equipment manufacturers and users who require high-reliability integrated 
circuits. 


Processing per the requirements of MIL-M-38510 and specified methods in MIL-STD-883 
provides the user with a broad selection of high-quality, high-reliability, standard products. 
Standard process flows include JM38510 (JANB), Standard Military Drawings, and JEDEC 
Publication 101 Class B (SNJ, JBP, SMJ, B). These flows are backed by a comprehensive Quality 
Conformance program summarized in the Military Products Reliability report. 


Fexas Instruments is in full support of government and industry standardization programs. To 
this end, a wide range of products is available processed per the above standard flows. Particular 
emphasis is being placed on both JM38510 and Standard Military Drawings. 


This reference guide summarizes the Texas Instruments Military Product spectrum and is 
designed to provide information on nomenclature, ordering information, symbolization, cross 
references, and selected data sheets. 


Quality and Reliability 


Texas Instruments Military Products Quality leadership is based upon a four-phase program 
comprehending the principal of Total Quality Management, or, as Tl terms its own program, 
‘“Total Quality Control’’. At the root of this program is TI's quality policy - ‘For every product 
or service we offer, we will understand the requirements that meet the customers’ needs, and 
we will conform to those requirements without exception.’’ For every job each Tler performs, 
the performance standard is: ‘‘Do it right the first time.’’ 


Phase One - Customer #1 Focus 


TI’s goal is to satisfy our potential and existing customers and, as such, Tl must continually 
reassess the market environment and customer needs. TI bases its assessment not only on 
the specific requirements of the marketplace and the customer, but also on our internal capability. 
Tl is committed to long-term support of the military product line and provides devices to MIL- 
STD-883C compliant with paragraph 1.2.1, MIL-M-38510 (JAN) Class S and Class B, Standard 
Military Drawings (SMD), as well as customer source-control drawings (SCD). 


Phase Two - Quality Compliance 


Based upon TI’s understanding of our customer’s requirements, a very extensive closed-loop 
integrated quality system has been implemented. This system comprehends all processes 
(Create, Make, and Market), all business functions (order entry through shipping), and all 
disciplines (Engineering, Planning, Marketing, Quality Assurance, and so forth). A single quality 
system manual defines TI’s Semiconductor Group Quality System worldwide and meets or 
exceeds MIL-M-38510 Appendix A requirements. For military specific operations, a single 
military products Quality Operating System manual that meets or exceeds military specifications 
is in effect. 


All military SNJ-level devices are processed in accordance with Methods 5004 and 5005 of 
MIL-STD-883. All electrical parameters are 100% tested to published data sheets unless 
specified as ‘‘Not Production Tested’’. Those parameters that are not production tested are 
ensured to meet data sheet limits by other testing such as: guardbanding, related or equivalent 
testing, bench characterization, design margin, or periodic monitoring. 


To ensure conformance to military specifications and internal requirements, Tl Military Products 
Division (MPD) has a very extensive audit and certification program. In addition to DESC 
certification for JAN-S and JAN-B product, TI-MPD has a separate internal Qualifying Activity 
as defined by MIL-STD-883 1.2.1. This organization is responsible for audit and certification 
of all Tl military facilities (wafer fab through assembly/test and shipment), new product releases 
and major changes, as well as MPD utilized subcontractors and distributors. Conformance to 
product and process specifications is assured by extensive process control and product 
assurance operations. Customer requirements, as well as military specifications and other TI 
internal specifications, are used to baseline Tl’s quality assurance programs. 
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Phase Three - ‘‘Excellence Beyond Compliance’’ 


Tl recognizes the need to establish quality and service levels beyond those required by 
specifications. MPD has established an ‘’Excellence Beyond Compliance’’ program targeted 
towards continuous incremental improvement in all processes, business functions, and 
disciplines. This program is supported by Statistical Process Control (SPC) and Design of 
Experiments (DOE) to ensure that all Tl products are of the highest possible quality. All product 
receives 100% end-of-line lot acceptance with zero-accept sampling plans. Any lots containing 
a defect are rescreened or scrapped. In addition, extensive process monitors are used to 
determine longer term quality and reliability levels of our products. To date, over 99% of TI's 
Military device types exhibit less than 100 PPM (effectively zero defects) outgoing quality levels. 
Military device quality is, on the average, significantly better than the industry average reported 
by the Semiconductor Industry Association (SIA). Reliability efforts are supported company 
wide through Wafer-Level Quality and Reliability Programs, Reliability Engineering groups in 
each product organization, a central Reliability Engineering group, as well as a dedicated Military 
Reliability Engineering function. 


In addition to Tl’s commitment to providing products of exceptional quality and reliability, we 
have established programs targeted to make TI ‘‘easy to do business with”’ through streamlining 
and standardizing our quality system. An extensive computer support system, referred to 
internally as the Semiconductor Business System or SBS/370 has been implemented to 
streamline the order entry, planning, and shipping functions, allowing Tl to more quickly and 
accurately process our customers’ orders. Additional computer-based specification systems 
ensure that devices are manufactured to our customers’ requirements. Additional services are 
provided through electronic data exchange (EDI) of order entry and quality data and customer- 
specific bar-coded labels on shipments. 


Phase Four - Customer Correlation and Ship-To-Stock (S-T-S) 


Although internal manufacturer’s quality indices are a good indication of product quality, the 
ultimate judge is the end customer. Tl’s commitment to understanding our customer’s perception 
-is through establishment of supplier-customer alliances. These alliances, initiated at top 
management levels, provide the ideal proactive forum for a joint team approach to continuously 
resolve quality issues as they occur. A joint management Quality Improvement Steering Team 
(QIT), meeting several times a year, develops global strategies and gives direction and resources 
to a joint Corrective Action Team (CAT). The CAT consists of assigned people capable of analysis 
and correction of quality and correlation issues and meets as often as needed to keep problem 
resolution current. 


The establishment of customer-Tl joint quality provides a forum whereby device quality 
divergence can be addressed. This difference in perception is caused primarily by test-correlation 
and handling issues and is exaggerated by averaging the defect level across all components. 
The solution is to organize quality data by each device type and focus resources on problem 
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_ devices and correlation/handling issues. The majority of device types are defect free and problem 
devices represent a small group of parts. The following roadmap may be used in a correlation 
program: 


— Understand test/part requirements 

— Evaluate test accuracy and repeatability 

— Conduct correlation studies by device type 
— Evaluate test accuracy and repeatability 


— Conduct correlation studies by device type (electrical) or package type 
(environmental/mechanical) with a customer 


— Conduct correlation studies 
— Engineering verification of representative rejects by both Tl and 
customers 
— Sample and data log exchange 


— Identify source of problem 
— Implement corrective action 


— Verify effectivity of corrective action. 
The specifics of a correlation program may be tailored for each customer. 


Once supplier-customer correlation is established, customers may elect to establish ship-to- 
stock programs for selected device types. Tl Military offers a proven ship-to-stock program 
that provides for mutually agreed-upon device types to bypass the customer’s incoming 
inspection. This program, the first in the military industry, was endorsed by the industry and 
several government agencies. Tl currently has ship-to-stock programs in place with several 
major customers who have eliminated incoming inspection on multiple device types. 


The first step toward implementation of a S-T-S program is to define requirements for the 
Correlated Devices List (CDL). The CDL consists of a list of components that have exhibited 
a low-defect rate (defect threshold) at both Tl-outgoing and OEM-incoming inspection for a 
given period of time. The defect rate threshold is determined by several factors such as volume 

_ of purchased devices, the break-even point of assembly rework cost, and the cost of incoming 
test. The product defect rate must be confirmed for a number of lots from several date codes 
to allow for the accumulation of a statistically significant sample base. 


Once a correlated device list is established, Tl provides notification to the customer of device 
changes that may affect correlation. This notification is in addition to normal reporting of all 
major changes affecting form, fit, or function. Periodic summary reports are also available 
electronically from TI. 


TI's demonstrated commitment to quality and service results in the lowest cost of ownership 
as well as mutual success for both TI and our customers. For additional information or to establish 
an alliance with TI Military Products, please contact your local TI field representative or the 
Tl factory. 
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Logic/Programmable Logic 
INTRODUCTION 


The Texas Instruments military logic program offers high-reliability integrated circuits covering 
a broad product spectrum. The program is designed to meet and support military performance 
and reliability needs. Standard process options include JM38510 Class B, DESC Standard 
Military Drawings, Mil-Std-883C Class B (SNJ, B), and the military temperature range (SN). 


BIPOLAR CMOS (BiCMOS) BUS INTERFACE LOGIC 


BiCMOS is a true bipolar/CMOS process that incorporates features from both technologies. 
Tl is the first IC supplier to offer a bus interface logic family using the BiCMOS process. Features 
of this advanced technology logic family include: 

© IOH/lIOL = —12/48 mA (standard outputs) and — 12/20, 48 mA (transceivers) 

e Lower Icc (enabled/disabled) requirements when compared to currently available 

advanced bipolar logic families 

e Input/output structures designed for TTL-level compatibility 

¢ On-chip ESD structures for typically 3-4 kV of ESD resistance 
Internal blocking diodes that prevent current flow from outputs to VCC making BiCMOS 
suited for partial-power-down system designs 
e Input structures that block current flow from inputs to Vcc during partial power down 
e Low simultaneous switching noise. (Please see EDN, March 2, 1989, for a third-party 
evaluation comparing BiCMOS, ACL, and FCT technologies) 
Power-up three-state capability. BICMOS incorporates circuitry that holds the outputs 
in the high-impedance state during VCC power up. 


System designers have traditionally accepted tradeoffs in power consumption in order to achieve 
the desired output drive current and speed performance required for today’s high-speed bus 
standards. Moreover, currently available advanced bipolar bus interface devices do not decrease 
system power supply overhead when in the inactive/disabled state. Their power consumption 
is about the same whether or not they are enabled or disabled. Considering that a majority 
of the bus interface devices in a system are inactive at any given time, a reduction in the inactive 
ICC requirements may afford an approximate 25% total system power savings. 


Texas Instruments has developed a family of high-drive, high-speed bus interface functions 
that, for the first time, offer system designers a way of reducing both the active- and inactive- 
state power consumption while maintaining the drive and speed of advanced bipolar devices. 
Output drive is specified up to 48 mA over the military temperature range and the speed 
performance is comparable to that of the 54F logic family. Comparisons of both the active- 
state and inactive-state power consumption follow. 
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Active-State Power Consumption 


Currently available advanced bipolar bus interface devices need up to 150 mA of ICC (worst 
case) with the outputs in any defined logic state. In contrast, the typically 70- to 80-mA Icc 
requirement (worst-case active state, outputs low) of the 54BCT devices affords about a 50% 
power savings under these conditions. However, much greater power savings are realized when 
BiCMOS functions are disabled. 


Inactive-State Power Consumption 


As mentioned previously, bus interface devices spend a majority of time in the disabled/inactive 
state. Because of this, the 54BCT devices provide for a much greater overall reduction of system 
power supply requirements. When disabled, the ICC requirements of the 54BCT devices typically 
drop to about 10% of their worst case active ICc specification. Compare this to the 150-mA 
inactive-state ICC requirement of advanced bipolar devices. The following system application 
example highlights these factors. 


Assume ten devices on a bus with nine devices inactive and one device active: 


as Advanced Bipolar BiCMOS 


Icc (active) 150 mA 80 mA — outputs low (worst case) 
Icc (disabled) 150 mA 8 mA — outputs disabled 

Icc (active) 1x150 mA = 150mA 1x80 mA = 80mA 
9x 150 mA = 1350 mA 9x 8mA = 72mA 
1500 mA 152 mA 


Icc (disabled) 
Icc (total) 


In this example, a 90% reduction in the power supply requirements for the bus interface 
functions is realized when BICMOS devices are used. 


BiCMOS bus interface logic is a TTL-to-TTL interface and obtains its optimal combination of 
speed, output drive, and low power dissipation from the unique IMPACT-CS™ process. This 
process combines a 1.5-um bipolar process with a 1.5-~m CMOS process. Output drive, provided 
by the bipolar transistors, is comparable to that found in state-of-the-art advanced bipolar logic 
families. The CMOS internal circuitry provides a disable circuit that significantly reduces power 
consumption when compared to a pure bipolar circuit. Figure 1 illustrates the utilization of CMOS 
circuitry to reduce the flow of Icc when the device is in the disabled mode or high-impedance 
state. Figure 1 is a simplified diagram, and actual implementation may vary by function. 
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NOTE: During operation, Q1 is on and Q2 is off. 
For the high-impedance state, Q1 is off and Q2 is on. 


Figure 1. Simplified Schematic of a BICMOS 3-State Gate 
Dynamic Power Consumption 


The use of both CMOS and bipolar transistors produces a more horizontal Icc vs frequency 
when graphically compared with a pure CMOS process. For the load and duty cycle conditions 
indicated, Figure 2 illustrates a lower ICC requirement for a 54BCT244 above 12.5-MHz than 
a 54FCT244, which has CMOS outputs. A pure bipolar 54F244 is included for comparison. 


Ci = 100 pF 50% DUTY CYCLE 


@ 54BCT244 


@ 54FCT244A 
& 54F244 


FREQUENCY — MHz 


Figure 2. Power Consumption vs Frequency 
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Ground Bounce 


System reliability and throughput are influenced by the amount of noise created due to the 
movement of the die’s ground reference (ground bounce). Worst case for ground bounce Is 
when multiple high-drive CMOS outputs are being switched simultaneously. The settling time 
of these glitches can be the largest factor in determining the speed of data transmission to 
and from the bus, as valid data is not available until the output ringing of the sending device 
settles. CMOS outputs typically have a larger magnitude voltage swing than bipolar outputs. 
The fast edge rates and rail-to-rail output voltage swings of CMOS outputs contribute to the 
output voltage glitch induced by ground bounce. In some system applications, it is possible 
for CMOS output ringing induced by ground bounce to require up to 4 ns beyond the tpq specified 
in the data book to settle. System throughput suffers while waiting for usable data to become 
available. A comparison of this phenomena for FCT, BCT, and 54F is shown in Figure 3. 


Tod-roa moarpaAaroc 


54FCT244A 54BCT244 54F244 


Figure 3. Output Noise Glitch Comparisons 
SOURCE: EDN, March 2, 1989 


Bipolar output structures have inherently lower ground bounce (TTL voltage swing). Additionally, 
the 54BCT bipolar output structure incorporates circuitry that holds the output noise to values 
less than or equal to that of currently available advanced bipolar bus interface functions. System 
design may be simplified by using 54BCT bus interface devices. 


54F ADVANCED SCHOTTKY LOGIC 
Introduction 


Texas Instruments continues to increase the number of functions available in the 54F Advanced 
Schottky logic family. Tl has numerous functions qualified to JM38510 Class B and is supplying 
54F device types to DESC Standard Military Drawings in addition to our 54F product spectrum 
available screened to MIL-STD-883C, Class B. Standard package options include ceramic DIPs, 
ceramic flatpacks, and leadless ceramic chip carriers. 


Radiation Tolerance of the 54F Family 


Radiation exposure testing completed by Texas Instruments as well as a third-party OEM has 
shown the TI 54F family to be more radiation tolerant than currently available FAST® devices. 
Figure 4 shows an excerpt of radiation test results at 100 krad(Si) total dose level. For a full 
tabulation of the test results done by TI and the third-party OEM, please reference the application 
section of the ‘‘F Logic Data Book, 1989”’, literature number SDFDOO1A. 


High-level input current (ljH) was chosen as the parameter to be monitored because, typically, 
it is the first data book specification to be exceeded during irradiation. The data book limit for 
this parameter is 20 pA for the 54F family. However, in a typical system application with 10 
unit loads, 200 pA is considered a representative value for lj}H. Both the supply voltage (Vcc) 
and the inputs were kept at 5.5 V during irradiation. The dose rate was 201.9 rad(Si)/second 
and the highest ljH readings in each sample of four units of each device type were recorded. 
Test conditions simulated a total-dose radiation environment. The tester’s full-scale capability 
was 3013 pA. MIL-STD-883C-compliant product from each vendor was used where possible. 
Complete details of the testing and overall results are available at total-dose levels of 20, 50, 
100, 200, and 1000 krad(Si). 


TEXAS 
PARAMETER NATIONAL MOTOROLA SIGNETICS 
INSTRUMENTS 


liq at 100 krad(Si) 174.4 pA 283.7 pA | 2214.3 pA > 3031.0 pA 
54F74 

ly at 100 krad(Si) 138.0 pA > 3031.0 pA 389.3 pA > 3031.0 pA 

4 at 100 krad(Si) 64.7 pA 2972.1 yA | 1650.1 pA 751.9 pA 


Figure 4. 54F Radiation Exposure Comparisons 


Several leadership technology features are incorporated into the 54F technology family including 
ESD protection, PNP transistors on the inputs for reduced input current requirements, and AC/DC 
‘“Miller-killer’’ circuits for overall reduced power consumption. 


FAST is a registered trademark of National Semiconductor Corporation. 
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EPIC” ADVANCED CMOS LOGIC 


Systems designers now have a choice of over 50 total 54AC/54ACT device types screened 
to MIL-STD-883C, Class B. Texas Instruments also supplies 54AC/54ACT functions to DESC 
Standard Military Drawings. This EPIC™ (Enhanced Performance Implanted CMOS) Advanced 
CMOS Logic family offers symmetrical 24-mA source/sink output drive current and speeds 
comparable to advanced bipolar families, such as the 54F logic family. Texas Instruments ACL 
family also offers all the traditional advantages of CMOS: low power consumption, high noise 
immunity, and a flexible power supply range. The Tl Advanced CMOS family is overall the lowest- 
noise ACL family currently available. Standard package options include both ceramic DIPs and 
leadless ceramic chip carriers. 


Currently available end-pin ACL octal devices can exhibit large voltage glitches on the outputs 
when multiple outputs are simultaneously switched. These noise pulse durations can be up 
to 8 ns long with amplitudes from 1.7 V to 2.5 V. Texas Instruments ACL devices incorporate 
two design features that reduce the magnitude of these output noise spikes by typically 50% 
when compared to conventional end-pin ACL devices. These features are: (1) The patented 
OEC™ Output Edge Control and (2) packaging incorporating center-pin VCC(gs)/ground(s). 


The output transistors of 1-~m gate lengths switch on and off rapidly. Combining fast switching 
speeds with the almost rail-to-rail output swing creates large di/dt values. The purpose of the 
OEC™ circuitry is to split the output transistors into smaller subtransistors with sequential turn 
on and turn off. This rounds the sharp edges of the output waveform, reducing di/dt, while 
maintaining rapid transitions through the threshold region. The output noise due to ground 
bounce as well as electromagnetic interference (EMI) is significantly reduced. For a third-party 
evaluation of Advanced CMOS logic ground bounce noise, see EDN, March 2, 1989. 


Texas Instruments and second-source Philips/Signetics have developed the dynamic hysteresis 
circuit for the EPIC™ ACL family. Since the power supply and ground nodes are used as voltage 
references throughout an integrated circuit, inductive noise spikes affect the way input signals 
appear to the internal gate structures. Output current transients can cause an inductive voltage 
spike on the ground node that will appear to drive a slowly rising input signal back through 
the threshold. Output oscillation can result. The Tl-patented dynamic hysteresis circuit latches 
the input signal in input stages until inductive voltage transients have subsided. This circuit 
activates as soon as the input is switched and serves to move the threshold far enough that 
noise on the power or ground nodes will not cause the first stage in the gate to switch. After 
the noise on the ground or power nodes has sufficiently died away, the hysteresis is removed, 
and the gate is allowed to switch. Output oscillations that occurs due to slow input transitions 
are significantly reduced. Please reference the Advanced CMOS Logic Designer’s Handbook, 
1988, literature number SCAAOO1B for more detailed information. 


Planned additions to the Advanced CMOS logic family include 16-, 18-, 20-bit Widebus™ 
products. These products will be packaged in 380-mil wide, fine pitch (25-mil) ceramic flat 
packs allowing for significant increases in board logic density. 


EPIC, Widebus, and OEC are trademarks of Texas Instruments Incorporated. 
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ADVANCED LOW-POWER SCHOTTKY/ADVANCED SCHOTTKY 


Texas Instruments offers numerous functions and process levels in these popular advanced 
bipolar families. Use of the Tl leadership IMPACT ™ (Implanted Advanced Composed Technology) 
process ensures that these families are far more than just enhanced 54LS/54S designs. Features 
of the 54ALS/54AS product families include: 

e On-chip ESD-protection circuitry 

e PNP input structures for reduced input current requirements 

¢ AC/DC ‘‘Miller-killer’’ circuits 


The 54ALS family offers the drive of the 54LS family while consuming less power and the 
54AS family features two additional drives: 32 mA on the AS82x and AS84x series and 
symmetrical source/sink current of 40 mA on the AS80x and AS10xx series of devices. 


Many unique functions are available in the 54ALS/54AS families. Standard package options 
include ceramic DIPs, ceramic flatpacks, and leadless ceramic chip carriers. 


LOGIC NOMENCLATURE 


Example: SNJ 54 LS 00 J 
Prefix 
SN = Standard Prefix, Commercial Processing 
SNJ = Class B Process Option 


Military Temperature Range 
54 —55°C to 125°C 


Product Family 
None Standard TTL 


ALS = Advanced Low-Power Schottky TTL 
AS = Advanced Schottky TTL 

BCT = TTL-Compatible Bipolar CMOS (BiCMOS) 
F = Advanced Schottky TTL 

HC = High-Speed CMOS 

HCT = TTL-Compatible HCMOS 

Le = Low-Power Schottky TTL 

> = Schottky TTL 

Device Type 

Package 

J = C-DIP 

JT = 24-pin, 300-mil C-DIP 

FK ae ot & 

W = Flatpack 


IMPACT is a trademark of Texas Instruments Incorporated. 
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ADVANCED CMOS LOGIC NOMENCLATURE 


Example: SNJ 54 AC 11 000 


Prefix 
SN = Standard Prefix, Commercial Processing 
SNJ = Class B Process Option 


Military Temperature Range 
54 = —55"°C to 125°C 


Product Family 
AC = Advanced CMOS 
ACT = TTL-Compatible Advanced CMOS 


Pinout Designator 


11 = Center Pin Vcc(s)/Ground(s) 

16 = Widebus™ family designator 

Device Type 

NOTE: This is a three character code. 

000 = OO 

Package 

J = C-DIP 

al = 24-pin, 300-mil C-DIP 

FK = LCC 

WD = 48-/56-pin fine pitch (25-mil) ceramic flatpack (Widebus™ only) 


Lid 
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TYPE FUNCTION = - a 
AC11 | ACT11 ALS BCT 

Quad 2-input NAND .FKW | JFK. 
Quad 2-input NAND with open-collector . JFK 
outputs 
Quad 2-input NOR J,FK,W | J,FK,W 
Quad 2-input NAND with open-collector JFK 
outputs 


O 
) 
O 


J 
HCU 04] Hex inverter with unbuffered outputs Ll 
Hex inverter with open-collector outputs Lf 
Hex inverter buffer/driver with open- 
collector 30-V outputs 
Hex buffers/drivers with open-collector 
30-V outputs 
Quad 2-input AND J,FK,W | J,FK,W 


Quad 2-input AND with open-collector JFK 
outputs 
Triple 3-input NAND J,FK | J,FK,W | J,FK,W 


Triple 3-input AND J,FK PIS J,FK,W | J,FK,W 


Triple 3-input NAND with open-collector 
outputs 


Dual 4-input NAND, Schmitt triggers 
Hex Schmitt trigger inverters 


Triple 3-input AND with open-collector 
outputs 
Hex inverter buffer/driver with open- a 


2 
2 
4 
07 
10 
11 
1zZ 


13 
14 
15 

collector 15-V outputs 
17 


Hex buffer/drivers with open-collector 
15-V outputs 


Dual 4-input NAND J,FR J,FK,W | J,FK,W 


Dual 4-input AND J,FIK J,FK | J,FK,W | J,FK,W 


Dual 4-input NAND with open-collector JFK 
outputs 


P = Planned 


Co 
TT 
A 


20 
21 
22 
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collector outputs 
ed epee na ee 
8-bit parity generator/checker 
668 | Synchronous up/down decade counter | | —+| | +t 
[669 _| Synchronous up/down binary counter || | | +i 
[670 [4by-4Registerfles S| S| SCP Cd CY 
| 673 | 16-bit SISO shiftregister | | 
[674 | 16-bit PISO shiftregister——=Ssd|~SCid| Sd SCT SCCdYSCC*” 
[681 | Abit parallel binary accumulator | —=+i| si Sd 
(2 |cmewrmrenanms | | | | | 
20-kQ pull-up resistor on Q inputs 
ea 
andP > Q 
| 8-bit identity comparator with P = Q 
| estemamercne ft | | | | 
(688 _| B-bit identity comparator withP =a | +| —+idisFKWI i) 
4-bit binary counter with output registers, 
2 [oes ern EE 
4-bit binary counter with output registers, Pf ff 
synchronous clear 
Up/down decade counter with output 
mmc LT | 
ee aaa i 
register direct clear 
Up/down binary counter with output 
[209 | Micwmematenew awa | | | | | 
Fea bowt=oyehhaalecin en OO 
756 J,FK,W 
open-collector outputs 
Ed )-teaadeen DO Wd MS FE) 
760 J,FK,W | J,FK,W 
collector outputs 
(804 | Hex 2-input NAND tine driver ——S=i«dtSsC~*=‘(;SSC*‘“‘dz‘PKW KW] 
(805 | Hex 2input NOR line driver Sid SSC*dSCSC*iSKW KW] 
[808 | Hex 2-input AND ine drivers SidSC*dS KW KW | 
818 Pipeline register with shadow registers ee ae Ee ae 
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LOGIC PRODUCT SPECTRUM 


AS 
ALS,AS 
ALS,AS 
ALS,AS 


ALS,HC,LS 


WY) 
Oo < 
Lu vy) a ae ee = oa 
o |< 


mp = 
Y 


JM38510T 


54 

HC 
a 
mae 
Eo 
ae 
ae 
= 
Le! 
ae 
aera 
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O 
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©) 
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© 
m 
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54 54 | 54 54 
TYPE FUNCTION 
AC11 | ACT11 ALS BCT 


819 Pipeline register with shadow registers 
821 10-bit noninverting D-type flip-flop 
10-bit inverting D-type flip 


9-bit noninverting register with clock 
enable 


9-bit inverting register with clock enable 


JT,FK,W 
JT,FK,W 


JT,FK,W 


8-bit noninverting register with multiple 
8-bit inverting register with multiple 


10-bit noninverting buffer 


JT,FK,W 


a 
a 
_ 
a 
brew 
ae 
ee 


28 


a 


2 


10-bit inverting buffer 
OR, hex 2-input line driver 


42 


z 


8 


i a ae 
822 ing D- Pe ae 
824 i ae ae 
827 I a a 
I a ae 
832 I | a aa 
3 Bidirectional noninverting transceiver with 
register 
834 Bidirectional inverting transceiver with 
register 
841 10-bit D-type transceiver latch, 
noninverting 3-state outputs 
‘ ab! 
844 as 
I ae 
nae ee 
| | 
I a ae 
I ae 
I a ae 
I a rae 
ae Pee 


8 


00 
1e>) 


4 
8 
| 851 


1-of-16 Data selectors/multiplexers 
1-of-16 Data selectors/multiplexers 


Bidirectional noninverting transceivers 
with latch 


Bidirectional inverting transceivers 


10-bit inverting D-type latch 
9-bit noninverting latch with 
preset & clear 


9-bit inverting latch with preset & clear 


3 


O 
with latch 
Hex 2-to-1 universal multiplexers 
10-bit noninverting transceivers 


10-bit inverting transceivers 
9-bit noninverting transceivers 


4 9-bit inverting transceivers 


8 
857 
861 
2 


8-bit noninverting latch with multiple 
enable 

8 

8 


8-bit inverting latch with multiple enable 


6 


00 
OO 


2 
2 
2 
Z 
2 
2 
3 
3 
3 
5 
a 
5 
5 
6 
6 


8 
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DESC 
ALS,AS 


JM38510T 
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TYPE FUNCTION - cis a a 
AC11 | ACT11 ALS BCT 


8-bit magnitude comparators 
7 Synchronous 8-bit up/down counters JT,FK,W 
JT,FK,W 


8-bit synchronous bidirectional counter 
synchronous, clear 


O Dual 16-by-4 register file 


8 


0O 0O 
Oo 
ice) Le) 


871 Dual 16-by-4 register file 


8 
8 


c. .. 
: %, 

or 
d ee 


6 
6 
7 
7 


T 
T 
T 


Dual 4-bit D-type latch T,FK,W|JT,FK,W 
4 | Dual 4-bit D-type flip-flop JT,FK,W|JT,FK,W 


Dual 4-bit D-type flip-flop, inverting 
outputs 

a7 
Dual 4-bit D-type flip-flop, noninverting 
outputs 

Dual 4-bit D-type flip-flop, inverting 


© 00 © 
~ ~ SN 
Ce) oO oOo 


outputs 


880 Dual 4-bit D-type latch, inverting outputs 
881 Arithmetic logic unit (ALU) 


32-bit look-ahead carry generator 


a 
| 
ne 
a hoe 
ae a 
| 
a aa 
a 
a 
a ae 
|B8-bit magnitude comparators | 
ik ae 
as aa 
an 
| 
ae eee 
a eae 
en Se 
2 ae 
et a 
a 
ae ae 


oo Mee) 
NO 


= 
n 
gs 
= 


8-bit D-type readback latches 
Quad 2-input NAND buffer/driver 


1008 Quad 2-input AND buffer/driver 
Triple 3-input NAND buffer gate 


102 


© 


1002 | Quad 2-input NOR buffer gate 
Dual 4-input NAND buffer gate 


1004 
Hex inverting buffers with open-collector 
outputs 


103 Quad 2-input OR buffer gate 
103 Hex noninverting buffer 
103 Hex buffer with open-collector outputs 


a a Cc 
“lc 2 = “t. 
Al-n Sa x x 
= = = 


1036 Quad 2-input NOR drivers 


_, 

NO oo mee) 
fs 

c= Ol] &} Nh oI 


Octal buffer/line driver 
3-state outputs 


1645 Octal bus transceiver, true outputs 


J,FK 
JPR 
USE 
‘1245 
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LOGIC PRODUCT SPECTRUM 


878 

879 
[996 

1645 


nH) n |S) 144 | 4 n eS oa 

a] BR ie | , 
In op) 
ig ae I] 


oa nad 
too | 
be 
tT © 
eel] TTT EE TEAL FTE 
ws | 
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ALS,AS 
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TYPE FUNCTION 


8-bit memory driver, noninverting 3-state 
2244 

outputs 

10-bit memory driver, noninverting 
2827A 

3-state outputs 


4020 
4024 
4040 
4075 
4078 


JTAG 1149.1 scan test SCOPE™ octal 
buffer/driver 

JTAG 1149.1 scan test SCOPE™ octal 
bus transceiver 


8244 

8245 

8373 JTAG 1149.1 scan test SCOPE™ octal 
D-type transparent latch 
JTAG 1149.1 scan test SCOPE™ octal 
D-type flip-flop 

29824 


25245 | 25-0 octal bus transceiver 
29818 | Diagnostic/WCS pipeline register 


10-bit bus interface register, noninverting 
29821 

3-state outputs 

10-bit bus interface register, invertin 

3-state outputs 

9-bit bus interface regiser, noninvertin 

3-state outputs 

9-bit bus interface register, inverting 

3-state outputs 

8-bit bus interface register, noninvertin 

3-state outputs 

8-bit bus interface register, invertin 
3-state outputs 

10-bit bus driver, noninverting 3-state 

outputs 


SCOPE is a trademark of Texas Instruments Incorporated. 
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LOGIC PRODUCT SPECTRUM 
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54 54 
HC HC 


JFK | | 
PSFK | 
JFK | 
JFK | 
PSFK [ 
JFK || 
ae ae 
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LOGIC PRODUCT SPECTRUM 


54 54 54 
TYPE FUNCTION 
AC11 | ACT11 ALS 
10-bit bus driver, inverting 3-state 
29828 
outputs 
Parity bus transceiver, noninverting 
29833 
3-state outputs 
Parity bus transceiver, inverting 3-state 
29834 
outputs 
10-bit bus interface D-type latch 
29841 
noninverting 3-state outputs 


Ce 


9-bit bus interface D-type latch, 
29843 

noninverting 3-state outputs 

9-bit bus interface D-type latch, inverting 
29844 

3-state outputs 

8-bit bus interface D-type latch, 
29845 

noninverting 3-state outputs 

8-bit bus interface D-type latch, 3-state 
29846 

outputs 


10-bit bus transceiver, noninverting 


10-bit bus interface D-type latch 
29842 | . — 
inverting 3-state outputs 


29861 


C 


3-state outputs 
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PROGRAMMABLE LOGIC 
Introduction 


Texas Instruments Military Products is committed to meeting your system requirement needs 
for programmable logic. Tl offers a variety of programmable logic devices to help bridge the 
gap between SSI/MSI and LSI/Gate Arrays in military designs. With a single PAL® IC from 
Tl, aS many as eight to ten logic circuits may be replaced. The added advantages of user flexibility 
make PAL® devices an appropriate choice for many applications where space constraints and 
speed are critical. 


If power requirements are tight, or if exceptional speed is vital in the selection of logic, Tl’s 
IMPACT™ PAL® ICs can make the difference— whether retrofitting an existing design or in 
a new design. IMPACT™ PAL® ICs dissipate less power for the same speed performance 
achieved in standard PAL® ICs. 


PROGRAMMABLE LOGIC NOMENCLATURE 


TIB PAL 16 L 8 -15 M J B 
PREFIX NUMBER OF NUMBER OF TEMP PROCESSING 
(OPTIONAL) ARRAY INPUTS OUTPUTS IN RANGE 
DESIGNATED 
CONFIGURATION 
PAL PRODUCT OUTPUT PERFORMANCE PACKAGE 
FAMILY CONFIGURATION DESIGNATOR TYPE 
DESIGNATOR DESIGNATOR 
PREFIX OUTPUT CONFIGURATION DESIGNATOR PERFORMANCE DESIGNATOR 
TIB = IMPACT L = Active Low -—10 = 10 ns Prop Delay 
R = Registered —12 = 12 ns Prop Delay 
V = Variable (programmable) —15 = 15 ns Prop Delay 
—20 = 20 ns Prop Delay 
—25 = 25 ns Prop Delay 
—30 = 30 ns Prop Delay 
A = Standard power, fast speed 
A-2 = Half power, fast speed 
TEMPERATURE RANGE PACKAGE TYPE PROCESSING 
M = —55°C TO 125°C J, JT = CDIP BLANK = Standard commercial 
FK = LCC Processing 
W = Flatpack B = MIL-STD-883C, Class B 


PAL is a registered trademark of Monolithic Memories Inc. 
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Programmable Logic Summary 


20-Pin PALs 24-Pin PALs 
50 50 
PAL16XXA-2 
@ 40 @ 40 
& PAL16XXA & 
> > 
< 30 < 30 @ TIBPAL22V10A eevee 
Ss oo TIBPAL16XX-15 2 20 % @ TIBPAL22V10-20 
Oo TIBPAL16XX-20 Oo TIBPAL20XX-20 
= ai @ TIBPALIGXX-12. & 
TIBPAL16XX-10 @ 
0 it ft 9 ff i tb ps 
80 100 120 140 160 180 200 220 170 180 190 200 210 220 
Icc (mA) Icc (mA) 


DEVICE 

16XXA 

16XXA-2 
16XX-10 
16XX-12 
16XX-15 
16XX-20 
16XX-30 


XX = L8, R8, R6, or R4 


DEVICE 
TIBPAL22V10A 
TIBPAL22V 10-20 
TIBPAL22VP10-25 


TIBPAL20L8-20 
TIBPAL20R8-20 
TIBPAL20R6-20 
TIBPAL20R4-20 


NOTE: The TIBPAL22VP10-25 is an improved version of the TIBPAL22V10A, featuring an improved output macrocell 
and improved speed. However, the TIBPAL22VP10-25 may also be used as a TIBPAL22V10A and may be 
programmed using the programming support for the TIBPAL22V10A. 


Technology Agreements 


Users of conventional TTL and CMOS SSI/MSI families are now requiring shorter design cycles, 
faster response to design changes, higher levels of integration, and standard off-the-shelf 
product. The seven-year EPLD technology exchange agreement between Tl and ALTERA will 
allow TI Military Products to offer these benefits utilizing the user-configurable EPLD architecture. 


Second-source versions of the EP610, EP310, EP1810, EP910, and MAX™ products will be 
fabricated using Ti’s Enhanced Performance Implanted CMOS (EPIC™) process and will be 
available in 1990. 


Tl Military Products will also offer user-programmable gate arrays through the technology 
exchange agreement with ACTEL. Field-programmable gate arrays (FPGAs) allow the designer 
to create custom logic functions without the long leadtimes, tooling costs, and custom inventory 
costs of ASIC solutions. The TI/ACTEL agreement includes access to ACTEL’s 1200-6000 
gate designes and support of the ACTION LOGIC™ development system. Product introduction 
will begin in second half of 1990. 


ACTION LOGIC is a trademark of ACTEL Corporation. 
MAX is a trademark of Altera Corporation. 
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Programmable Logic Product Spectrum 


DEVICE SPEED (MAX) |Icc (MAX) | PACKAGE DESC JM38510/ 


PAL16L8AM 
PAL16R8AM 
PAL16R6AM 
PAL16R4AM 
PAL16L8A-2M 
PAL16R8A-2M 
PAL16R6A-2M 
PAL16R4A-2M 
TIBPAL16L8-10M 
TIBPAL16R8-10M 
TIBPAL16R6-10M 
TIBPAL16R4-10M 
TIBPAL16L8-12M 
TIBPAL16R8-12M 
TIBPAL16R6-12M 
TIBPAL16R4-12M 
TIBPAL16L8-15M 
TIBPAL16R8-15M 
TIBPAL16R6-15M 
TIBPAL16R4-15M 
TIBPAL16L8-20M 
TIBPAL16R8-20M 
TIBPAL16R6-20M 
TIBPAL16R4-20M 
TIBPAL16L8-30M 
TIBPAL16R8-30M 
TIBPAL16R6-30M 
TIBPAL16R4-30M 
TIBPAL20L8-20M 
TIBPAL20R8-20M 
TIBPAL2OR6-20M 
TIBPAL20R4-20M 
TIBPAL22V10AM 


TIBPAL22V10-20M 
TIBPAL22VP10-25M 


tT Pending 


JT,FK,W 
JT,FK,W 
lt Pi, VW 
JT Fy V8 
JT, FR, W 
JT,FK,W 
JT,FK,W 


8103607 
8103608 
8103609 
8103610 
8103611 
8103612 
8103613 
8103614 

5962-85155171 

5962-85155181 

5962-8515519! 

5962-8515520! 

5962-8515513 

5962-8515514 

5962-8515515! 

5962-8515516! 

5962-8515509 

5962-8515510 

5962-8515511 

5962-8515512 

5962-8515501 

5962-8515502 

5962-8515503 

5962-8515504 

5962-8515505 

5962-8515506 

5962-8515507 

5962-8515508 
8412901 
8412902 
8412903 
8412904 

5962-8605301 

5962-8605304 

5962-8605303 


sneha hccheintiniinnd aE nee PAL and Package Cross-Reference? 


PB POLAR PLD eee 
TIBPAL16R4-12MJB_ | PAL16R4-12/BRA | sid 
TIBPAL16L8-15MJB | PAL16L8DMJ883B | | 
TIBPAL16R8-15MJB_ | PALI6R8DMJ883B [| | 
TIBPAL16R6-15MJB | PAL16R6DMJ883B | | 
AMPAL16R8B/BRA, 
TIBPAL16R8-20MJB PAL16R8BJ/883 
PAL16R8BMJ883B 
AMPAL16R6B/BRA, 
TIBPAL16R6-20MJB PAL16R6BJ/883 
PAL16R6BMJ883B 
AMPAL16R4B/BRA, 
TIBPAL16R4-20MJB PAL16R4BJ/883 
PAL16R4BMJ883B 
TIBPAL16L8-30MJB | PAL16L8B-2MJ883B | PAL16L8B2J/88 


INSTRUMENTS 
TiepaLteLe-1oms | SSC—~dSS 
TIBPALTeRS-10MNB_ | ——SSSOS~—~—S 
TippaLieR6-i0mse | —S—~—~—~S 
mippaLieRatoMe [oT 
TIBPAL16L8-12MJB 2 es PLUS16L8/BRA 
TIBPAL16R8-12MJB PLUS16R8/BRA 
TIBPAL16R4-15MJB 

3 
TIBPAL16R8-3OMJB 

3 

cc 


TIBPAL16R6-12MJB PAL16R6-12/BRA 
AMPAL16L8B/BRA, 
TIBPAL16L8-20MJB PAL16L8BJ/883 
PAL16L8BMJ883B 
TIBPAL16R6-30MJB PAL16R6B-2MJ883B | PAL16R6B2J/88 


TIBPAL16R4-30MJB PAL16R4B-2MJ883B | PAL16R4B2J/883 


PACKAGE CROSS-REFERENCE 


a EE 
FLATPACK | OWSSC*dYSCSCS*~K SWAY 


TThis cross-reference guide contains both production and planned products. 


~~ 
Ww 


1-44 


Military PAL and Package Cross-Reference? (continued) 


BIPOLAR PLD 


TEXAS 
AMD/MMI NATIONAL SIGNETICS 
INSTRUMENTS 
AMPAL16L8A/BRA, 
PAL16L8AMJB PAL16L8A2J/883 
PAL16L8AMJ883B 
AMPAL16R8A/BRA, 
PAL16R8AMJB PAL16R8A2J/883 
PAL16R8AMJ883B 
AMPAL16R6A/BRA, 
PAL16R6AMJB PAL16R6A2J/883 
PAL16R6AMJ883B 
AMPAL16R4A/BRA, 
PAL16R4-AMJB PAL16R4A2J/883 
PAL16R4AMJ883B 
PAL16L8A-2MJB PAL16L8A-2MJ883B | PAL2OL8AJ/883 
PAL16R8A-2MJB PAL16R8A-2MJ883B | PAL2ZOR8AJ/883 
PAL16R6A-2MJB PAL16R6A-2MJ883B | PAL2ZOR6AJ/883 
PAL16R4A-2MJB PAL16R4A-2MJ883B | PAL2ZOR4AJ/883 
TIBPAL20L8-20MJTB PAL2OL8BMJS883B 
TIBPAL20R8-20MJTB PAL2OR8BMJS883B 


TIBPAL16R6-20MJTB_ | PAL2OR6BMJS883B | sid 
TIBPAL16R4-20MJTB_ | PAL2OR4BMJS883B | si 


TIBPAL22V10AMJTB 
TIBPAL22V 10-20MJTB 
TIBPAL22VP10-25MJTB| sid 
PACKAGE CROSS-REFERENCE 
Zz ME 
Ww 


TThis cross-reference guide contains both production and planned products. 


O 


_ 
O 
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Linear/Interface 
INTRODUCTION 


The Linear/Interface family of devices features a wide assortment of products ranging from 
industry-standard bipolar devices to state-of-the-art LinCMOS™, Advanced LinCMOS™ and 
Excalibur product lines. 


These high-reliability linear and interface parts offer the designer a broad range of circuit functions 
including op amps, comparators, voltage regulators, and precision timers, along with digital- 
like data communications circuits and peripheral ICs, such as drivers and memory interfaces. 
Data conversion and power supply supervisor circuits are also available. 


Standard process levels include JM38510 qualified functions, DESC Standard Military Drawing 
(SMD) approved functions, Class B (SNJ,B), and Military temperature range (SN55, M). 


LINEAR/INTERFACE FUNCTIONAL DESCRIPTION 


Linear devices are generally considered to be those circuit functions with an analog input and 
an analog output. Linear devices are designed to operate primarily in a mode where the output 
is a continuous (linear) function of the input signal. 


Interface circuits often will contain both linear and logic circuitry and are used as information 
translators or to interface between different levels or types of components. 


Since a linear device, such as an operational amplifier, may often be used as an interface device, 
and an interface device may be biased to operate in a linear mode, both types of products are 
included in this section. 


Another class of integrated circuits that is designated “Special Functions” generally has unique 
performance characteristics and is considered to be neither linear nor interface devices. These 
special function ICs are also included in this section. 


LinCMOS™ AND ADVANCED LinCMOS™ 


LinCMOS™ is a linear polysilicon-gate complementary-MOS process. The low-power 
consumption of LinCMOS™ combined with its low-voltage capability, true single power-supply 
operation, and stable offset voltage make this family of devices especially desirable for military 
applications. This technology is suitable for battery operated, portable military equipment such 
as manpack radios, low-power instrumentation, and tactical weapons systems. 


LinCMOS and Advanced LinCMOS are trademarks of Texas Instruments Incorporated. 
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The LinCMOS™ series of devices offers greater stability and higher performance by utilizing 
double-polysilicon gates instead of metal gates. This process features self-aligning source, gate, 
and drain, which makes for fewer critical steps during front-end processing. Another feature 
is the phosphorous doping of the polysilicon gates, which “locks-in” the sodium ions. As a 
result, LinCMOS™ devices experience little shift in threshold voltages due to time, temperature, 
and voltage stress (Figure 2-1). This provides ultrastable input offset voltages along with 
extremely low input bias and offset currents. 


AVi9o0 — mV 


5 


—55 25 125 


Free-Air Temperature — °C 


Figure 2-1. Offset Voltage vs Temperature 


Advanced LinCMOS”™ offers all of the advantages of the standard process with the added benefit 
of a 3-um minimum feature size. This provides excellent dc and noise performance and a 
common-mode input voltage range that includes the negative rail. 


Internal ESD-protection circuits prevent functional failures of these devices at voltages up to 
2000 V as tested under MIL-STD-883C, Method 3015. However, care should be exercised 
in handling these devices as exposure to ESD may result in degradation of the device parametric 
performance. 
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EXCALIBUR 


Tl’s Excalibur process provides performance benefits to existing bipolar and JFET technologies. 
This process features isolated vertical PNP transistors, polysilicon capacitors, and increased 
oxide isolation. 


The vertical PNP transistors contribute higher speed, wider bandwidth, and increased drive 
capability. Use of polysilicon capacitors greatly reduces parasitics and the increased oxide 
isolation provides an increased common-mode input voltage range for JFET inputs. This allows 
the designer to take advantage of the high impedance of JFET inputs without sacrificing the 
wide common-mode input range needed for noise immunity. 


A selection guide for Tl’s newest military op amps is given in Table 2-1. 


By SR 
(MHz) | (V/ps) 
TYP? | Typ? 


Table 2-1. Op Amp Selection Guide 


DEVICE VOLTAGE (V) (mV) (nA) 

maxt | max? 

rriczesam_ [ato] 28 

rricaesam | 22.3] 28 

Prcezozim [22 | #20 
a2 


AvD 
(V/mV) 


1 
2 
+2 
#2 
£2 
£2 
+72 
+2 
+2 
+2 


8 
8 
| #2 | +20 
| +2 | +20 | 0.45 
| TLeE2022BM | +2 | +20 
| +2 | +20 | 
| +2 


- 
+ 
+ 
+ 
+2 
+2 
£2 
+2 
+2 
+2 
+2 
+2 
= 


Truezozaam | 22 


TMin and Max values are over the full military temperature range. 
Typical values are 25°C. 
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LINEAR CONTROL CIRCUITS NOMENCLATURE 


Example: TL 074 A M J B 
nee . 
TL = Linear 
TLC = LinCMOS™ 
TLE = Excalibur 
Second-Source Prefix 
LM = National 
LT, LTC, OP = Linear Technology Corp. 
MC = Motorola 
RM = Raytheon 
SE = Signetics 
SG = Silicon General 


National (formerly Fairchild) 


Unique Device Designation 
Possibly with A or B in last position 


Military Temperature Range 
—55°C to 125°C 


Package Designation 


FK = LCC 

J = C-DIP 

JG = 8-pin C-DIP 

L = 8-pin Metal Can 
U = 10-Lead Flatpack 
W = 14-Lead Flatpack 
LD = 3-pin Metal Can 
Processing 

B = Class B 

No Letter = Standard 
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LinCMOS™ OP AMP NOMENCLATURE 


Example: TLC 27 


Prefix 4 


TLG = LinCMOS™ 


Circuit Designation 


Bias Current 


4s = Low 
M = Medium 
No Letter = High 


Device Complexity 


1 = Single 
Zz = Dual 
4 = Quad 
Input Offset Voltage 
A = 5 mV 
B =2mvV 
No Letter = 10 mV 


Military Temperature Range 
~55°C to 125°C 


Package Designation 


FK = LOL 

J = 14-Pin C-DIP 
JG = 8-Pin C-DIP 

L = 8-Pin Metal Can 
Processing 

B = Class B 

No Letter = Standard 
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INTERFACE CIRCUITS NOMENCLATURE 


Example: SNJ 55 109A 

Prefix 
SN = Standard 
SNJ = Class B Processing 
Second-Source Prefix 
AM = AMD 
MC = Motorola 
Operating Temperature Range 
55 = Military 

—55°C to 125°C 
‘95 = Nonstandard 


Unique Device Designation 
Possibly with A or B in Last Position 


Package Designation . 


FK = LCC 

J = C-DIP 

JG = 8-Pin C-DIP 
W = Flatpack 
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LINEAR/INTERFACE PRODUCT SPECTRUM 
J 


JM38510/10401BCA SN55107A - Dual line receiver 
JM38510/10402BCA SN55108A - Dual line receiver 
JM38510/10403BEA SN55114 - Dual line driver 
JM38510/10404BEA SN55115 - Dual line receiver 
JM38510/10405BEA SN55113 - Dual line driver 
JM38510/12902BPA SN55451B - Dual peripheral driver 
JM38510/12903BPA SN55452B - Dual peripheral driver 
JM38510/12904BPA SN55453B - Dual peripheral driver 
JM38510/12905BPA SN55454B - Dual peripheral driver 
JM38510/12907BPA SN55461 - Dual peripheral driver 

JM38510/12908BPA SN55462 - Dual peripheral driver 

JM38510/12909BPA SN55463 - Dual peripheral driver 

JM38510/13001BEA SN55325 - Core memory driver 
7704301CA,2A,DA DESC-approved LM124 
7704901PA DESC-approved SNJ55452B 


J,FK,W 
JG 


7802003EA,2A,FA DESC-approved AM26LS32A J,FK,W 
7802004EA,2A,FA DESC-approved AM26LS33A J,FK,W 
7900801CA,DA,2A DESC-approved SNJ55182 J,FK,W 
7900901CA,DA DESC-approved SNJ55183 J,W 
8102301PA,2A,HA,GA DESC-approved TLO61M JG,FK,L,U 
8102302PA,2A,HA,GA DESC-approved TLO62M JG,PK,L,U 
8102303CA,2A,DA DESC-approved TLO64M J,FK,W 
8102304PA,2A,HA,GA DESC-approved TLO71M JG,FK,L,U 
8102305PA,2A,HA,GA DESC-approved TLO72M JG,FK,L,U 
8102306CA,2A,DA DESC-approved TLO74M J,FK,W 
8410901PA,2A DESC-approved TL431M JG,FK 
86018010A,ZA DESC-approved SNJ55500E d,FD 
86018020A,ZA DESC-approved SNJ55501E dpe Ld 
5962-8688802CA,2A DESC-approved SNJ55189A JFK 
5962-8688901CA,2A DESC-approved SNJ55188 JFK 
5962-8754701CA,2A,DA DESC-approved SNJ55110A J,FK,W 
5962-8765801PA,2A DESC-approved TLC372M JG,FK 
5962-8765901CA,2A DESC-approved TLC374M JFK 
5962-8770001EA,2A DESC-approved AD7524 JFK 
5962-8776901EA,2A DESC-approved SNJ55121 J,FK 
5962-8851101EA,2A DESC-approved SNJ55116 JFK 


5962-8864901EA,2A 


FK — 2Q0-pad ceramic leadless chip carrier 
J — 14/16/20-pin ceramic dual-in-line 

JG — 8-pin ceramic dual-in-line 

L — 8-lead metal can 


DESC-approved SNJ55ALS195 JFK 


U — 10-lead ceramic flatpack 
W — 14/16-lead ceramic flatpack 
WC — 24-lead ceramic flatpack 
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LINEAR/INTERFACE PRODUCT SPECTRUM 


~5962-8868501PA,2A DESC-approved TL7705AM 
5962-8868502PA,2A DESC-approved TL7702AM 
5962-8968001RA,2A,SA DESC-approved SNJ55ALS160 
5962-8968101RA,2A,SA DESC-approved SNJ55ALS161 
5962-8961001 XL DESC-approved LT1009M 
AD7524M! 8-bit D/A converter 
AD7528M 8-bit D/A converter 
ADCO808M 8-bit A/D converter 
ADCO809M 8-bit A/D converter 
AM26LS32AM?t RS-422-A Differential line receiver 
AM26LS33AM?t RS-422-A Differential line receiver 
bDS7831T Quad transceiver 
DS78321 Quad transceiver 
LM108 
LM108A 
LM118 

LM124T 
LM139 
LM139A 
LM148 
LM158 
LM193 
LT1007M 
LT1007AM 
LT1009M 
LT1013M 


Super-beta op amp 


Tight-offset super-beta op amp 


Single high-speed op amp 
Quad op amp 
Quad comparator 


Quad comparator 
Quad uA741 op amp 
Dual op amp 


Dual comparator 


JG,L 
JG,L 
JG,FK,LD 
L 


Low-noise, high-speed, precision op amp 
Enhanced version of LT1007M 
2.5-V precision voltage reference 


Dual precision op amp 


LT1013AM Enhanced version of LT1013M JG,FK,L 
LT1014M Quad precision op amp JFK 
LT1014AM Enhanced version of LT1014M JFK 


LT1016M 
LT1028M 
LT1037M 
LT1037AM 
MC1558 
MC3550 
MC3552 
MC3553 


Ultra-fast precision comparator 


Ultra-low-noise precision op amp 


Low-noise, high-speed, precision op amp 
Enhanced version of LT1037M 
Dual op amp 
Quad differential line receiver (SN55107) 
Quad differential line receiver (SN55108) 
Quad differential line driver (SN55110) 


JG,FK,L 
J,FK 
J,FK 
J,FK 


FK — 20-pad ceramic leadless chip carrier LD — 3-lead metal can 

J — 14/16/20-pin ceramic dual-in-line U — 10-lead ceramic flatpack 

JG — 8-pin ceramic dual-in-line W — 14/16-lead ceramic flatpack 
L — 8-lead metal can WC — 24-lead ceramic flatpack 


tT Available DESC-approved 
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LINEAR/INTERFACE PRODUCT SPECTRUM 


Enhanced version of OP27C 

Low-noise high-speed precision op amp 

Enhanced version of OP37C 

Decompensated version of OP27 
RM4136 Quad op amp J,FK 
RM4558 Dual high-performance op amp yb 
RM4559 Dual high-performance op amp JG,FK,L 
SE5534 Low-noise op amp | JG 
SE555 Timer JG,FK,L 
SE556 Dual timer J,FK 


Differential video amplifier 
SN54HC4016 Analog switch ol FI 
SN55ALS056 IEEE 896 octal transceiver (Futurebus) al 


SN55ALS057 IEEE 896 quad transceiver (Futurebus) 
SN55ALS126 Quad line driver 


SN55ALS130 Quad line driver 
SN55ALS1601 IEEE 488 octal bus transceivers 


SN55ALS1617T IEEE 488 octal bus transceivers 
SN55ALS192 RS-422-A differential line driver 
SN55ALS194 RS-422-A differential line driver 
SN55ALS1951 RS-422-A differential line receiver 
SN55107A Dual line receiver 

SN55107B Dual line receiver 

SN55108A Dual line receiver 

SN55108B Dual line receiver 

SN55109A Dual line driver 

SN55110AT Dual line driver 

SN55111 Quad version of the SN55109A 
SN55113 Dual line driver 

SN55114 | Dual line driver 

SN55115 Line receiver 

SN551161 Line transceiver 

SN551217T Dual line driver 

SN55122 Triple line receiver 

SN55138 Quad bus transceiver 


SN55173 | Quad differential line receiver 
FK — 20-pad ceramic leadless chip carrier L — 8-lead metal can 
J =— 14/16/20-pin ceramic dual-in-line U — 10-lead ceramic flatpack 
JG — 8-pin ceramic dual-in-line W — 14/16-lead ceramic flatpack 
T Available DESC-approved WC — 24-lead ceramic flatpack 


2-11 


LINEAR/INTERFACE PRODUCT SPECTRUM 


DEVICE DESCRIPTION PACKAGE 


SN551827 Dual line receiver J,W,FK 
SN55183T Dual line driver J,W,FK 
SN551881 Quad line driver J,FK 
SN55189 Quad line receiver JFK 
SN55189AT Quad line receiver J,FK 
SN55451B - Peripheral driver JG,FK 
SN55452BT Peripheral driver JG,FK 
SN55453B Peripheral driver JG FK 
SN55454B Peripheral driver JG,FK 
SN55461 Peripheral driver JG,FK 
SN55462 Peripheral driver JG,FK 
SN55463 Peripheral driver | JG,FK 
SN55464 Peripheral driver JG,FK 
SN55500E? AC Plasma driver FD,FJ,J 
SN55501E7T AC Plasma driver FD,FJ,J 
SN55551 32-bit electroluminescent display row driver FD,FJ 
SN55552 32-bit electroluminescent display row driver FD, Fu 
SN55553 32-bit electroluminescent dispay column driver FD, FJ 
SN55554 32-bit electroluminescent dispay column driver FD,FJ 
SN55563A Electroluminescent row driver FJ 
SN55564A Electroluminescent row driver FJ 
SN95176B RS-485 transceiver 
TLO22M Dual low-power op amp JG 
TLO27M Video amplifier with AGC JG,L,FR 
TLO31M Low-power enhanced JFET op amp JG,L,FK 
TLO32M Low-power enhanced JFET dual op amp JG,L,FK 
TLO34M Low-power enhanced JFET quad op amp J,FK 
TLO44M Quad low-power op amp J 
TLO51M Single enhanced JFET op amp JG,L,FK 
TLO52M Dual enhanced JFET op amp JG,L,FK 
TLO54M Quad enhanced JFET op amp J,FK 
TLO61Mt Single BiIFET op amp JG,FK,L 
TLO62Mt Dual BiFET op amp JG,FK,L 
TLO64mMt Quad BiFET op amp J,FK 
TLO71MT Single BiFET op amp JG,FK,L 
TLO72Mt Dual BiFET op amp JG,FK,L 
FK — 20-pad ceramic leadless chip carrier L — 8-lead metal can 
J — 14/16/20-pin ceramic dual-in-line U — 10-lead ceramic flatpack _ 
JG — 8-pin ceramic dual-in-line W — 14/16-lead ceramic flatpack 
T Available DESC-approved WC — 24-lead ceramic flatpack 


2-12 


LINEAR/INTERFACE PRODUCT SPECTRUM 


TLO74Mt Quad BiFET op amp J,FK 


TLO81M Single FET op amp JG,FK 
TLO82M Dual BiFET op amp JG,FK 
TLO84M Quad BiFET op amp JFK. 
TL288M Low-offset BIFET op amp JG,FK 
TL431M Adjustable precision shunt regulator JG,FK,LD 


TL441AM Logarithmic amplifier J 
TL494M PWM control circuit J 
TL1521M IF/RF amplifier L 
L 
L 


TL2531M 250 MHz true log IF amp 


TL2532M Low-phase shift limiter 


TL7702AMTt 2-V supply voltage supervisor JG,FK 
TL7705AM! 5-V supply voltage supervisor JG,FK 


TLC27L2AM Dual LinCMOS op amp, low bias 5 mV Jerts 


TLC27L2M Dual LinCMOS op amp, low bias 10 mV JG,FK 
TLC27L4AM Quad LinCMOS op amp, low bias 5 mV JFK 
TLC27L4M Quad LinCMOS op amp, low bias 10 mV JF rs 
TLEZ7LIM Dual LinCMOS op amp, low bias 2 mV JG,FK 
TLC27L9M Quad LinCMOS op amp, low bias 2 mV J,FK 
TLC27M2AM Dual LinCMOS op amp, med bias 5 mV JG,FK 
TLC27M2M Dual LinCMOS op amp, med bias 10 mV JG,FK 
TLC27M4AM Quad LinCMOS op amp, med bias 5 mV J,FK 
TLC27M4M Quad LinCMOS op amp, med bias 10 mV A, PK. 
TLC27M7M Dual LinCMOS op amp, med bias 2 mV JG,FK 
TLC27M9M Quad LinCMOS op amp, med bias 2 mV JPR 
TLC139M Low-power LinCMOS dual comparator Fh 
TLC1541M 10-bit A/D with 11 inputs J,FK 
TLC193M Low-power LinCMOS quad comparator JG,FK 
TLC271AM LinCMOS op amp, programmable 5 mV JG,FK 
TLC271M LinCMOS op amp, programmable 10 mV JG,FK,L 
TLC272AM Dual LinCMOS op amp, high bias 5 mV JG,FK 
TLC272M Dual LinCMOS op amp, high bias 10 mV JG, FR 
TLC274AM Quad LinCMOS op amp, high bias 5 mV darks 
TLC274M Quad LinCMOS op amp, high bias 10 mV J,FK 
TLC277M Dual LinCMOS op amp, high bias 2 mV JG,FK,L 
TLC279M Quad LinCMOS op amp, high bias 2 mV J,FK 


TLC372MT LinCMOS dual comparator JG,FK 
FK — 20-pad ceramic leadless chip carrier LD — 3-lead metal can 
J — 14/16/20-pin ceramic dual-in-line U — 10-lead ceramic flatpack 
JG — 8-pin ceramic dual-in-line W — 14/16-lead ceramic flatpack 
L — 8-lead metal can WC — 24-lead ceramic flatpack 


T Available DESC-approved 
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LINEAR/INTERFACE PRODUCT SPECTRUM 


TLC374MT LinCMOS quad comparator J,FK 
TLC540M LinCMOS 8-bit A/D with 11 inputs J, FR 
TLC548M LinCMOS 8-bit A/D with serial I/O JG,FK 
TLC549M LinCMOS 8-bit A/D with serial I/O JG,FK 
TLC555M LinCMOS timer JG,FK 
TLC556M LinCMOS dual timer J,FK 
TLC2201AM Enhanced version of TLC2201M JG FKL 
TLC2201M Single low-noise op amp JG,FK,L 
TLC2202AM Enhanced version of TLC2202M JG,FIK,L 
TLC2202M Dual low-noise op amp JG,FK,L 
TLC2652AM Enhanced version of TLC2652M JG;FK,L 
TLC2652M Precision chopper-stabilized op amp JG,PK,. 
TLC2654AM Enhanced version of TLC2654M JG,FK,L 
TLC2654M Low-noise chopper-stabilized op amp JG,FK,L 
TLC3702M Totem-pole, low-power TLC372 JG,FK 
TLC3704M Totem-pole, low-power TLC374 JFK 
TLC32040M 14-bit analog interface chip (AIC) J 
TLC32044M 14-bit voice band AIC J 
TLE2021M Single low-power PNP input op amp JG,FK,L 
TLE2021AM Enhanced version of TLE2021M JG,FK,L 
TLE2021BM Enhanced version of TLE2021M JG,FK,L 
TLE2022M Dual low-power PNP input op amp JG,FK,L 
TLE2ZO022AM Enhanced version of TLE2021 JG,FR,L 
TLE2022BM Enhanced version of TLE2021 JG,FK,L 
TLE2024M Quad low-power PNP input op amp JG,FK 
TLE2024AM Enhanced version of TLE2024M JFK 
TLE2024BM Enhanced version of TLE2024M JPR 
TLE2061M Low-power BiFET op amp (TLO61) JG,FK,L 
TLE2061AM Enhanced version of TLE2061M JG,FK,L 
TLE2061BM Enhanced version of TLE2061M JG,FK,L 
TLE2062M Dual low-power BiFET op amp JG,FK,L 
TLE2062AM Enhanced version of TLE2062M JG,FK,L 
TLE2062BM Enhanced version of TLE2062M JG,PK,4 
TLE2064M Quad low-power BiFET op amp J,FK 
TLE2064AM Enhanced version of TLE2064M JG,FK,L 
TLE2064BM Enhanced version of TLE2064M JG,FK,L 
TLE2161M Low-power low-offset BIFET op amp JG,FK,L 
TLE2161AM Enhanced version of TLE2161M JG,FK,L 
TLE2161BM Enhanced version of TLE2161M JG,FK,L 
FK — 20-pad ceramic leadless chip carrier L — 8-lead metal can 
J — 14/16/20-pin ceramic dual-in-line U — 10-lead ceramic flatpack 
JG — 8-pin ceramic dual-in-line W — 14/16-lead ceramic flatpack 
T Available DESC-approved WC — 24-lead ceramic flatpack 
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se MOS Memory 
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MOS Memory 


DRAMs and VRAMs 
introduction 


TI’s military DRAM family includes a broad selection of devices for high-density memory design. 
Ranging from 64K-bit to 4M-bit densities, Tl’s military DRAMs are available in several output 
configurations and organizations, package options, temperature, and speed performance ranges 
to meet your military system requirements. 


The 256K DRAMs provide upward pin compatibility from the 64K DRAMs. Access times from 
row address strobe for these two densities are 120, 150, and 200 ns, with a 256-row 4-ms 
refresh cycle. 


The high-speed 1M and 4M DRAMs utilize state-of-the-art EPIC™ (Enhanced-Performance 
Implanted CMOS) technology for high performance, reliability, and low power at a low cost. 
This EPIC™ technology permits operation from a single 5-V supply, reducing system power supply 
and decoupling requirements and easing board layout. 


As the product density increases, product performance is improved. Beginning at the 1M density, 
the use of CMOS technology provides the benefits of faster access times and lower power 
dissipation. Another benefit of CMOS technology is that it allows operation over the full military 
temperature range, — 55°C to 125°C, which is an increase from the — 55°C to 110°C operation 
of NMOS Dynamic RAMs. 


An important area of performance improvement for the 1M-bit DRAM and beyond is the offering 
of enhanced page-mode operation. Page-mode operation allows faster access by keeping the 
same row address while selecting random column addresses. Unlike page-mode, enhanced page- 
mode allows the column address decode and, therefore, data retrieval to begin prior to the 
falling edge of CAS. This allows the memory system to operate at a higher data bandwidth 
than conventional page-mode devices. 


Texas Instruments offers a complete line of video memory products. Currently available are 
the SMJ4161 (64K x 1) video RAM with separate serial-in and serial-out ports, and the SMJ4461 
(64K x 4) video RAM with 22-MHz serial-port shift rates. Texas Instruments is continuing its 
pursuit of high-density, high-speed video RAMs with the militarization of the SMJ44C250 and 
SMJ44C251 1M-bit video RAM. The SMJ44C251 CMOS device offers numerous special 
features such as enhanced page-mode, 4 x 4 block write, write-per-bit for selective writes to 
each RAM |/O, 512-tap serial data registers, color register, masking features, and split-register 
transfers. Tl’s video RAM is a perfect match for the 340 graphics family processors. 


EPIC is a trademark of Texas Instruments Incorporated. 
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Nomenclature 


Example: SMJ 401024 -10 JD 
Prefix 
SM = Standard Prefix, Commercial Processing 
SMJ = Class B Processing, JEDEC Publication 101 


Circuit Designator 
Must contain a minimum of four characters 


Access Time 
Device types are available with various speeds 


Package Type 


JD = Side-Brazed Ceramic DIP 

FG = Leadless Ceramic Chip Carrier (64K) 
FV = Leadless Ceramic Chip Carrier (256K) 
HJ = Ceramic J-Leaded Small Outline 

FQ = Leadless Ceramic Chip Carrier (1M) 
HK = Flatpack (1M) 

HM = Leadless Ceramic Chip Carrier (4M) 
HR = Flatpack (4M) 


Temperature Range 
Must contain one letter only 


M = —55°C to 125°C 
S = —55°C to 110°C (except 4416 and 4161, which are —55°C to 100°C) 
L = 0°C to 70°C 
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Product Spectrum 


MAX ACCESS TIME (ns) +PACKAGE TYPE (NO. OF PINS) 
DEVICE | TEMP | TYPE 
(FROM ROW STROBE) | JD FG FV HJ FQ HK HR HM 
DRAM 120/150/200 16 18 
DRAM 120/150/200 16 18 


Ss 

=z 

| Ss | pram | 120/150/200 18 
4cio24 | M_ | DRAM |  g0f/1oo/120/150 [18 202020 

pM 

pM 

pS 


S 
S 
S 
Mv 20 207 20 
Tm ram | 8071007120 
s_[_VRAM 
[aaczso| mM | vaam | 120. ~SOS*~<‘~*S SSCSC~C~*S 
faacosr] m | vram [120 ~~S~=~«~sS BSCS 


tT Planned product. Contact factory for release dates. 
Package type 


JD = Side-Brazed Ceramic DIP FQ = Leadless Ceramic Chip Carrier (1M) 
FG = Leadless Ceramic Chip Carrier (64K) HK = Flatpack (1M) 
FV = Leadless Ceramic Chip Carrier (256K) HM = Leadless Ceramic Chip Carrier (4M) 
HJ = Ceramic J-Leaded Small Outline (1M) HR = Flatpack (4M) 


Cross-Reference 


COMPANY NOMENCLATURE 
TI SMJ XXXX-XXYYX 
MICRON MT XXXXYY-XX 883C 
EPROMs 
Introduction 


TI’s military memory offering also includes a full family of high-density CMOS UV EPROMs 
designed to meet your system requirements.These ultraviolet-light-erasable, electrically 
programmable read-only memories are available in densities of 128K bits, 256K bits, and 512K 
bits, with a future release of a 1M-bit device planned. Enhanced-speed versions of the 128K- 
bit and 256K-bit EPROMs are available to provide reduced-wait-state operation for today’s high- 
speed processors. 


The SMJ27C128, SMJ27C256, and SMJ27C512 are fabricated using HVCMOS technology 
for high speed and simple interface with MOS and bipolar circuits. All inputs (including data 
inputs during programming) can be driven by Series 54 TTL circuits without the use of external 
pull-up resistors, and each output can drive one Series 54 TTL circuit without external pull-up 
resistors. The data outputs provide three-state operation for connecting multiple devices to 
a common bus. 
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Since this EPROM family operates from a single 5-V supply in the read mode, they are ideal 
for use in microprocessor-based systems. One other 12.5-V supply is needed for programming, 
but all programming signals are TTL level. For programming outside the system, existing EPROM 
programmers can be used. Locations may be programmed individually, in blocks, or at random. 


All Tl military CMOS UV-erasable EPROMs are socket compatible with NMOS EPROMs. In 
addition, they offer high-speed operation at significantly lower power dissipation than their 
NMOS counterparts. Active power for this CMOS family is only 20-25% of a standard NMOS 
device; standby power drops to less than 1% of NMOS levels. 


Latchup protection of 250 mA on all inputs and outputs, along with operation across the full 
military temperature range, make TI’s CMOS EPROMs ideal for high-reliability military systems. 


Nomenclature 
Example: SMJ 27 C 256 -17 J M 


Processing Level 
SMJ = Class B 


EPROM Family Designator 
CMOS Designator 
Density 
Access Time 


Package Type 
J = Dual-in-line Ceramic Package 


Temperature Range 
M = —55°C to 125°C 


Product Spectrum 
PACKAGE TYPE 
DEVICE TEMPERATURE ORGANIZATION (NO. OF PINS) 
CERAMIC DIP 
120/150/170 
27C128 16K x 8 28 
200/250/300 
150/170/2 
27C256 ceukeicogeie 32K x 8 28 
250/300 


MAX ACCESS 
TIME (ns) 


27C512 200/250/300 64K x 8 
27C010T 200/250 128K x 8 
27C2107 200/250 64K x 16 


tT Planned product. Contact factory for release dates. 
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Cross-Reference 
GENERIC Tl 
PARENT 


SMJ27C128-15JM 


SMJ27C128-12JM 


27C128-200 DIP 
27C128-250 DIP 
27C128-300 DIP 
2/C256-150 DIP 
27C256-170 DIP 
27C256-200 DIP 
27G 256-250 Dir 


SMJ27C512-20JM 
SMJ27C512-25JM 
SMJ27C512-30JM 


27C512-300 DIP 
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SIGNETICS 


MD27128A-15B 


MD27128A-20B 


MD27128A-30B 


moz7s6178 | 


MD27C256-208 
27C2568xA30) 
«027612208 
fw 7512-268 
_ 


Cross-Reference (continued) 


NERI 
ATMEL OMNIWAVE MEMERIS 
PARENT 
are 28-120 
27C128-150 


AM 271284-20BUA_ | 27C128-200 
PY w27128ACD-3-25t | AM27128A-25BUA | 27C128-250 


DIP 
DIP 
DIP 
DIP 
ATziceseisoM | SSC*dSSC‘“‘“‘CS;™*S™SCSCSC~*d;C«R VCR. _IP_ 
COS «dt 220256-170 
DIP 
DIP 
DIP 
DIP 
IP 
IP 


AT27C256-20DM OW27C256CD-3-20T AM27256-20BXA 27C256-200 
AT27C256-25DM OW27C256CD-3-251 AM27256-25BXA 27C256-250 
[*owarcaseco-3-307 | ———SSSSSS~*d;~«C 0286-300 


AT27C512-200M {| | 27C512-200 
AT27C512-25DM | OW27512CD-3-251 AM27512-25BXA 27C512-250 


D 
PFW 27512CD-3-30T AM27512-30BXA 27C512-300 OD 


TEquivalent to Tl SM level product 
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Cross-Reference (concluded) 
GENERIC 
PARENT 
eT 


27C128-200 DIP | DM27128-20MP| = ~—*{_—s27C128-20BXA | ssid 
27C128-250 DIP | DM27128-25MP{ = ~—*{_s.27C128-25BXA | si 


MICROCHIP TECH | MICROCHIP TECH 
CMOS NMOS 


fa7c128-300 DIP | TS 
[27026-1600 | 
[27¢266-170 DP [| 


aresiaasexa 


Microprocessor 


An" 


Microprocessor 
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Microprocessor 
DIGITAL SIGNAL PROCESSORS 


Digital signal processors, essentially high-speed microprocessors/microcomputers, are designed 
to execute computationally intensive signal processing algorithms. The 320 family of digital 
signal processors takes advantage of powerful DSP specific and general-purpose instruction 
sets, advanced architecture, and parallel processing. As a result of this performance, the 
SMJ320 family is finding its way into a growing number of military systems. The typical 
application areas include missile guidance, smart ammunitions, control (servo, position and 
rate, and reference), communications, signal processing (digital filtering, data encryption, and 
companding), FFTs, voice processing, RADAR, SONAR, ECM, ECCM, and many others. 


The SMJ320 family contains five generations of devices. The first, second, and fifth generations 
are 16-bit fixed-point processors with a 32-bit accumulator. The third and fourth generations 
support 32-bit floating-point arithmetic. All five generations enjoy the extensive support, both 
hardware and software, supplied by Texas Instruments and third parties. 


The first generation includes the SMJ320C10, SMJ320C10-25, SMJ320C15, SMJ320C15-25, 
and the SMJ320E15. This generation offers 5- to 6.25-MIPS (million instructions per second) 
performance, 144- to 256-word on-chip data RAM, and 1.5- to 4K-word on-chip program 
memory (EPROM or masked ROM). Also planned is the SMJ320E14, a microcontroller with 
a DSP core. 


The second generation is represented by the SMJ32020, SMJ320C25, and the 
SMJ320C25-50. Performance for the second generation ranges from 5 to 12.5 MIPS and is 
supported by features such as 544-word on-chip data/program RAM, 4K-word on-chip program 
memory (EPROM or masked ROM), full-duplex serial port, multiprocessor interface, and an 
auxiliary register ALU. Also planned is the SMJ320C26, a second generation device with 1568 
words of on chip RAM and 256 words of on chip ROM. 


The third generation contains the SMJ320C301. This device provides a 60-, 70-, or 80-ns 
cycle time enabling it to execute 28 to 33 million floating-point operations per second (MFLOPS). 
This approaches the performance previously available only on a supercomputer. This 
performance is further enhanced by large on-chip memories (two 1K x 32 blocks of dual access 
RAM, one block of 4K x32 ROM), instruction cache, concurrent DMA controller, parallel 
operation of the floating-point multiplier and ALU, serial ports, and timers. Software support 
for the SMJ320C30 includes a validated ADA compiler. 


Future growth for floating-point DSP products will be supported with the SMJ320C4X device, 


which will be software compatible with the SMJ320C30. This device will feature higher 
performance and system integration to meet future DSP needs. 


4-3 


Future growth for Tl’s fixed-point DSP products will be provided by the SMJ320C50 with fast 
cycle time (50 ns), large on-chip memories (9K x 16 program/data RAM, 1K x 16 dual access 
RAM, 2K x 16 boot ROM), and the integration of many DSP system functions. The SMJ320C50 
is source code compatible with the first and second generation DSPs, providing a direct 
performance upgrade to existing designs. 


DSP PRODUCT FEATURES 


[GENERATION [ist | 2ND | -3R—D——=«Y| SST 

Cycle Time ins) | 200/160 | 100/80 | eor70m0 «itso 
FC 
2Kx16 


Space (external) 
DSP PRODUCT SPECTRUM 


FREQUENCY OF 
TEMPERATURE 
DEVICE TECHNOLOGY OPERATION (°C) PACKAGE 
(MHz) 


SMJ320C10 CMOS — 55/125 JD, FD 
SMJ320C10-25 CMOS — 55/125 JD, FD 
4 


SMJ320C18-25 
smJa20c2s-50 | cmos | —s0.—*~| seize | cau 


TPlanned 


EPIC is a trademark of Texas Instruments Incorporated. 
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DIGITAL SIGNAL PROCESSOR NOMENCLATURE 
SMJ 320 C10 


Prefix ae 4 


SM = Standard Prefix, 
Commercial Processing 
SMJ = Class B Processing 


320 DSP Family Designator 


320 DSP Family Member Designator 


JD = 40-Pin Side-Brazed DIP 

FD = 44-Pad/68-Pad LCCC 

FJ/FZ = 68-Pin Leaded Carrier 

GB = 68/181-Pin Grid Array 

HU = 132/196-Pin Gull-Wing-Formed Quad Flatpack 
HT = 196-Pin Quad Flatpack 


Temperature Range 


L. = 0°C to 70°C 
) = —6§5°C to 110°C 
M = =—6§5°C to 125°C 


JD 
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IEEE — 488 General-Purpose Interface Bus 


MAX 
DEVICE PROCESS | TECHNOLOGY specp [TEMPERATURE] PACKAGE 
SMJ NMOS N/A S Lae 
cll 44-pad (FD) 


GRAPHICS MICROPROCESSORS 


Texas Instruments Military Products Division is continuing to meet the needs of the military 
graphics industry with the development of several new VLSI devices and associated memories. 
Graphics system requirements have gone from simple CRT and VRAM controllers to high-speed 
graphics processors for two and three dimensional real-time systems. To meet present and 
future requirements, Tl has introduced military versions of the SMJ34061 Video System 
Controller, SMJ34010 Graphics System Processor (40 MHz or 50 MHz), and plans to offer 
the SMJ34020 next-generation Graphics System Processor. To accompany the SMJ34020, 
the SMJ34082 high-speed IEEE Std. 754 floating-point co-processor is a planned product. 


The SMJ34020 Graphics System Processor (GSP) is the second generation of an advanced 
high-performance CMOS 32-bit microprocessor optimized for graphics display systems. The 
SMJ34020 has hardware support for graphics operations such as PixBIts (raster ops) and curve- 
drawing algorithms. Also included is a complete set of general-purpose instructions with 
addressing modes tuned to support high-level languages. In addition to its 512-Megabyte linear 
address range, the SMJ34020 contains 30 general-purpose 32-bit registers, a hardware stack 
pointer and a 512-byte instruction cache. On-chip functions include sixty-four programmable 
I/O registers, which control CRT timing, input/output control, and parameters required by some 
instructions. The SMJ34020 directly interfaces to dynamic RAMs, Video RAMs, and an optional 
SMJ34082 high-speed IEEE Std. floating-point unit. The SMJ34020 may be configured to 
operate as a stand-alone processor or it may be used as a graphics engine with a host system. 
The host interface provides a generalized communication port for any standard host processor. 
Direct Memory Access (DMA) and multiprocessing are accommodated through the request/grant 
interface protocols. Virtual memory systems are supported through bus fault detection and 
instruction continuation. 


The SMJ34082 is a high-speed 32/64-bit floating-point graphics coprocessor implemented in 
TI's advanced 1-u1m CMOS technology. On a single chip, the SMJ34082 combines a 16-bit 
sequencer and a three-operand Floating-Point Unit, FPU, (source A, source B, destination) with 
twenty-two 64-bit data registers. Twenty are data registers organized into two banks of 10 
registers each, and two are used as internal feedback registers. Also provided is an instruction 
register to control FPU execution, a status register to retain the most recent FPU status outputs, 
eight other control registers, and a two-deep stack. The SMJ34082 exhibits IEEE Std. 754-1985 
compatibility and operates as an SMJ34020 coprocessor or a standalone floating-point 
processor. The SMJ34082 comes with its own C-compiler, assembler, and linker if it is being 
used as a stand-alone processor. 
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The first generation SMJ34010 combines the best features of general-purpose processors and 
graphics controllers to create a powerful and flexible Graphics System Processor. The on-chip 
processor executes both graphics instructions and general-purpose instructions. The 34010 
GSP is a 32-bit processor with 32-bit internal data paths, a 32-bit ALU, a 128-megabyte address 
space, 30 general-purpose 32-bit registers, a 32-bit stack pointer, and a 256-byte instruction 
cache to increase performance. Nonprocessor functions on the chip include CRT timing, screen 
refresh, and DRAM refresh. A separate physical interface is provided for communciating with 
a host processor. Direct interfacing to conventional DRAMs and multiport VRAMs is also 
provided along with programmable CRT control (horizontal sync, vertical sync, and blanking). 


Texas Instruments Video System Controller (VSC) is a high-performance NMOS device that 
controls the video display and the dynamic memory of a bit-mapped graphics system. The 
principal role of the VSC is to provide an external processor with virtually unlimited access 
to video memory eliminating delays caused by conflicts with display update functions. Using 
the SMJ34061, the system CPU is relieved of the burden of controlling the system memory, 
refreshing video memory, and reloading VRAM internal shift registers for bit-mapped displays. 


Texas Instruments is dedicated to providing system designers with all the building blocks to 
support the integration of text and graphics from low-performance systems to 3D solid-modeling 
real-time high-level graphics systems. 


GRAPHICS NOMENCLATURE 


SMJ 340 10 GB M 


Prefix — 


SMJ = Class B processing 
SM = Standard processing 


340 Graphics Family Designator 
340 Graphics Family Member Designator 


20 = 2nd Generation 32-bit Graphics System Processor 

82 = IEEE— 754 high-speed Graphics Floating-Point Processor 
10 = 1st Generation Graphics System Processor 

61 = Video System Controller 


HU = 132-pin Gull-wing-formed ceramic quad flatpack (34020) 
FD = 68-pin Leadless ceramic chip carrier (34010) 
GB = 145-pin grid array (34020 & 34082) or 


68-pin grid array (34010 & 34061) 


Temperature range 


L = 0°C to 70°C 
S = —656°C to 110°C 
Vi =6= —55°C to 125°C 
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GRAPHICS PRODUCT FEATURES 


SMJ34010/1ST 
[Clock Rate (MHz) | = —S=«di 2S 32s] AO 50s 32 —=C 
58 (Ext Inst) 


Instructions 18 Pgm Reg : 
22 x 64-bit Data Reg 


—55°C/110°C | —55°C/125°C —55°C/125°C | —55°C/125°C 
On-Chip RAM/Cache | — | = — | 256 Bytes 512 Bytes 


External Mem Space 2MBxN 64K words 128M Bytes 512M Bytes 


loz 
30 x 32-bit Reg 


198 (Int ROM Inst) 


30 x 32-bit Reg 


(32-bit) data 


64K words 
(32-bit) PGM 


Package 68-pin PGA 145-pin PGA 68-pin PGA 145-pin PGA 
68-pin LCCC 132-pin CQFP 


N = Arbitrary word width 


GRAPHICS PRODUCT SPECTRUM 


FREQ OF 
TEMPERATURE 
DEVICE TECHNOLOGY OPERATION (°C) PACKAGE 
(MHz) 


SMJ34061 10 = 65/110 


SMJ34010-40 40 — 55/125 
SMJ34010-50 50 — 55/125 
SMJ34020T 28.5/30/32 — 55/125 
SMJ340821T 28.5/30/32 —55/125 


t Planned Product 
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MOS MEMORY, MICROPROCESSORS, AND PERIPHERALS 


Texas Instruments SMJ product flow conforms to JEDEC Publication 101 Screening Standard 
and is processed in accordance with MIL-STD-883, Method 5004/5005, Class B. SMJ devices 
are screened and tested as specified in the Test Flow Section. 


All SMJ products are screened and processed in accordance with MIL-STD-883, Method 5004, 
Class B. Electrical and mechanical characteristics are specified in Tl’s published data sheets. 
Product descriptions are for information only. A 100% functional test is performed at 
temperature extremes as well as a 100% ac testing of switching characteristics as specified 
in Tl’s published data sheets. 


All devices receive quality conformance inspection per MIL-STD-883, Method 5005, Class B, 
Groups A, B, C, and D except as noted in the SMJ Screening and Lot Conformance table. 
Group A is tested by inspection lot. Groups B, C and D generic’data are available per Tl’s 
reliability report. 
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ASIC 


TGC100M 
1-um EPIC™ CMOS Gate Array Family 


The Texas Instruments TGC100M Series comprises six gate arrays, each fabricated using the 
Tl 1-um advanced silicon-gate CMOS EPIC™ process. The process features two levels of copper- 
doped-aluminum interconnect. Titanium-Silicided polysilicon gate, source, and drain elements 
further reduce internal resistance and enhance performance. 


The basic structure of the TGC100M Series 1-u1m CMOS gate arrays consists of basic-cell 
columns separated by wiring channels with a perimeter of external interface macros configurable 
as inputs, outputs, bidirectional I/Os, or power pins. Each 4-transistor internal basic cell is 
equivalent to a 2-input NAND gate. The six base gate arrays are shown in Table 5-1, along 
with their basic-cell and bond-pad configurations. 


Table 5-1. TGC100M Series Gate Arrays Basic Structure 


BASIC CELLS 


TOTAL MAXIMUM 
AVAILABLE USEABLE 


TGC103M 
TGC105M 
TGC108M 
TGC112M 
TGC115M 
TGC118M 


Gate Array Product Features 


Fixed no. of bond pads — I/Os 

Fixed die size 

Base die prefabricated and ready for customizing 

Regular fixed routing channels for optimal gate utilization 
Three custom levels define device customization 

Integral ESD and latchup protection circuitry. 


A typical gate array physical layout is shown in Figure 5-1. 


EPIC is a trademark of Texas Instruments Incorporated. 
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BOND PAD EXTERNAL INTERFACE MACRO 


Figure 5-1. T@CM103M CMOS Gate Array 


Gate Array Library Functions 


The TGC100M Series gate array library includes basic gate and buffer macros and MSI-level 
macros. Over 220 hardwired and software macros are available. The hardwired macros provide 
a broad selection of predesigned, fully characterized functions. The software macros provide 
popular TTL/CMOS-type MSI functions that can be used as designed or modified at the 
workstation to suit the customer's design requirements. Additional user-defined software macros 
can be created using the TGC100M library macros. Library release 2.0 contains the following 
classes of macros: 

e¢ MSI Internal Software Macros 

e External Input, Output, and Bidirectional Buffer Macros 

e Internal Register, Flip-Flop, and Latch Macros 

¢ SSI Internal Gate and Bus Macros. 


A TGC100M Series Design Kit, supplied for engineering work stations, includes the following: 
¢ TGC100M Series Data Manuals 
¢ CMOS Gate Array Design Manual 
e Design Support Software User’s Manual 
e TGC100M Series Design Library. 
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SYSTEMCELL™—1 pm & SYSTEMCELL™—2 pm 
Standard Cell Product Features 


An IC composed of predesigned cells with no configuration limitation 
No prefabrication 
All mask levels are customized 
Additional design flexibility over gate array 
Minimum die size 
No unused gates 
No unused I/Os 
Flexible 1/0 — 1.5 to 54.4 mA — di/dt control 
System Consolidation MegaModules 
Single chip — CMOS 
High performance 
More functions on one chip 
Readily implemented complex, high-level functions 
Provides migration path from Tl’s CMOS Gate Arrays. 


A typical ASIC physical layout using standard cells is shown in Figure 5-2. 


2-um CMOS Standard Cell 


(SystemCell™ Family) 


The SN54/74SC Standard Cell products are custom design equivalents of standard products. 
Each cell layout is hand-crafted by an IC designer, then thoroughly modeled and characterized. 
These logic building blocks are designed for interconnection on silicon, rather than on a printed 
circuit board, providing an efficient and economical path to the development of unique integrated 
circuits customized for the user’s application. Semicustom and custom circuits now incorporate 
major system functions such as processors, memory, and interface at the VLSI level. 


Texas Instruments offers the SN54/74SC standard cell family based on 2-~m twin-well CMOS 
technology with double-level metalization. Like the SN54/74HC family of standard, off-the- 
shelf functions, SN54/74SC standard cell functions combine the advantages of low power 
consumption, switching speeds comparable to 54LS performance, high-noise immunity, and 
flexible power supply requirements. 


Software Library 


TI's design staff has carefully constructed a Military CMOS Standard Cell Library which offers 
both functionality and design flexibility. The library contains a wide variety of elements ranging 
from simple inverters to complex LSI structures. 


1-um EPIC™ CMOS TSC500 Standard Cell Family 


Faster switching speeds and increased gate density are advances achieved with the TI 1-~m 
standard cells. These TSC500 Series standard cells, based upon leading edge 1-~m EPIC™ CMOS 
process technology, provide high system performance plus increased design flexibility. 


SystemCell is a trademark of Texas Instruments Incorporated. 
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Figure 5-2. CMOS Standard Cell 


Complex system design can be quickly implemented on a chip utilizing an expanding selection 
of LSI/VLSI functional blocks. The TSC500 Military standard cell series is one of the most 
comprehensive and best specified in the industry. Its continued growth is assured as new 
LSI/VLSI products such as microsequencers, core processors, and DMA controllers are 
developed. The TSC500 Military Series standard cell library includes all of the cell types offered 
in Tl’s popular 2-um SystemCell Series library plus more. System designers will appreciate the 
increased system integration offered by the TSC500 Military Series and the rich assortment 
of library cell functions offered. 


To further enhance system design flexibility, Tl offers a broad range of packaging options 
including everything from leaded chip carriers to high-pin-count quad flat packs. (See Table 5-2.) 
This selection of high-performance high-pin-count packages, coupled with the Tl standard cell 
libraries, provides designers with the powerful means to implement standard cell designs. 
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1-~4m EPIC™ CMOS Standard Cell Library 


The TSC500 Military standard cell library includes basic gate and buffer macros and MSlI-level 
macros. Both hardwired and software macros are available. The hardwired macros provide a 
broad selection of predesigned, fully characterized functions. The software macros provide 
popular TTL/CMOS-type MSI functions that can be used as designed or modified at the 
workstation to suit the customer’s design requirements. Additional user-defined software macros 
can be created using the TSC500 Military library macros. Library release 1.2 contains the 
following classes of macros: 

MSI Internal Software Macros 

Internal MSI, Scan FFs/Latches, Delay Elements, and Oscillator Macros 

External Input, Output, and Bi-directional Buffer Macros 

Internal Register, Flip-Flop, and Latch Macros 

SSI Internal Gates, Bus Macros, and Input/Output Terminators. 


A TSC500 Series Design Kit, supplied for engineering work stations, includes the following: 
TSC500 Series Data Manuals 

CMOS Standard Cell Design Manual 

Design Support Software User’s Manual 

TSC500 Series Design Library. 


ASIC SOFTWARE SUPPORT 


All military ASIC products offered by Texas Instruments are supported with software libraries 
hosted on the Apollo/Mentor Graphics or Daisy workstation platforms. Valid Logic Systems 
workstation support is planned. These software libraries contain all information necessary to 
capture and simulate a design. Additionally, several design support software utilities are included 
to help streamline the design process. 


Gate Array and Standard Cell Options 


Standard Military Series Nonrecurring Engineering (NRE) charges include the following products 
and services: 

e Initial Design Review 

Development Contract Preparation 

e Design Layout (macro placement and routing) 

e Post-Layout Design Verification 

e Delivery of Post-Layout Files (back annotation) 

e Photomask Tooling 

e Fabrication, Assembly, and Test of Prototypes 

e Delivery of Five (5) Prototypes (see Note 1). 


Note 1: Prototypes will be tested for functionality using customer supplied test patterns (up 
to 8000 vectors standard) at f = 1 MHz, Vcc = 5 V, Ta = 25°C. 


In addition to the standard Military products and services outlined above, the following options 
may also be selected (at additional cost and cycle-time): 
e Additional Prototypes 
Additional 1-MHz Test Vectors 
Devices Tested Over Temperature and Vcc Plus DC Parameter Ranges 
e Critical Path Delay Measurements (pin-to-pin) 
‘‘At Speed’’ Test Vectors. 
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Pin count options are given by package type in Table 5-3, Gate Array Military Packages, and 
in Table 5-2, Standard Cell Military Packages. 


DESIGN FLOW OVERVIEW 


The Texas Instruments Military ASIC design execution can be broadly grouped into four basic 
phases: 

e Phase O — Specifying the design 

e Phase 1 — Creating the design database(s) 

e Phase 2 — Generating the chip layout(s) 

e Phase 3 — Fabricating and testing the device(s). 


Table 5-2. Standard Cell Military Packages 

CERAMIC 
PACKAGE | MOUNTING 

TYPE 

Through 
Dual-In-Line X 
Board 

Leadless 

Surface X 
Chip Carrier 


J-Leaded 

Surface 
Chip Carrier 
Quad Flat 

Surface 

Pack 
Pin Grid Through 
Array Board 
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Table 5-3. Gate Array Military Packages 


AVAILABLE USEABLE 


Table 5-3. Gate Array Military Packages (Continued) 
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This design flow has been developed in conjunction with successful completion of many ASIC 
designs at Tl, and applies to both gate arrays and standard cells. A design flowchart is shown 
in Figure 5-3. Strict adherence to the milestone verifications, simulations, reviews, and tests 
has yielded the most cost-effective and timely success rate for ASIC design. Weekly progress 
reports track the design through prototype and to production. 


Specifying the Design (Phase 0) 


System requirements determine IC designs that satisfy the environmental, functional, logic, 
and performance requirements. Systems requiring more than a single IC will need to be 
partitioned. In all cases, complexity and use conditions will drive a hardware definition. Whether 
you intend to design the devices or ask TI to design them, they must be completely described. 
The following items should be specified before starting your ASIC design. 


PHYSICAL DESIGN 


End applications anticipated for the system design will determine physical properties utilized 
to manufacture the system. Likewise, the environment created within the system for the 
accommodation of custom semiconductor ICs will dictate the IC physical requirements. 


LOGIC DESIGN 


A logic diagram is needed to define the boundary of the ICs, whether adapting an existing logic 
system or designing a new one. 


SCHEMATIC DESIGN 


The schematic design reduces functions to their lowest functional-level components. An 
understanding of the ASIC product family and cell performance specifications will be beneficial 
to the designer. Reduction beyond cells, macros, and software macros is not needed if the 
IC design goals are achieved. Detailed guidelines and cell selection procedures are provided 
in Tl design manuals issued for use with engineering workstations. Also, suggestions for 
evaluating, modifying, and using software macros are provided on the individual data sheets. 
The resulting schematic diagram becomes the detailed reference document for cell conversion 
and schematic capture. 


INTERFACE (INPUT/OUTPUT) BUFFERS 


The I/O buffers specify the input and outputs required to interface the custom IC into the system 
design. 


TIMING TEST VECTORS 


These vectors specify the timing relationships needed between input pins and from inputs to 
outputs. 


FUNCTIONAL TEST VECTORS 


Functional test vectors specify the functional performance needed from the IC and include 
waveform diagrams and/or test patterns. Cost effectiveness is a direct function of testability. 
In some cases, I/O pins and additional logic are easily justified to achieve adequate test capability. 


Tl invites your request for new cells that are not available in any ASIC TI library. Software 
macros to satisfy most design requirements, if not currently in Tl’s library, can be generated 
on your workstation. 


A blank, generic design specification, which can be used as a working document, is available 
from Tl to guide you through the initial design steps. 


Completion of Phase O will yeild: 
A schematic that includes the IC interfaces 
Test vectors for both functional and delay time parameters 
Packaging requirements for the IC. 


Creating the Design Database (Phase 1) 


Phase 1 utilizes a workstation to capture the schematic diagram as a basis for simulating both 
functional behavior and timing relationships of the defined function. Phase 1 is accomplished 
as described in the following paragraphs. 


SCHEMATIC CAPTURE 


Schematic capture consists of cell conversion and logic capture. 


CELL CONVERSION 


Each element of the given circuit is replaced with an ASIC library macrocell equivalent. This 
involves selecting the cells and macros that satisfy both functional and timing requirements, 
including dc sink/source current requirements of the I/O cells. Software macros can increase 
the efficiency of cell conversion, and simple modifications can make them custom for your 
current design. This is usually done on a workstation in conjunction with logic capture. 


LOGIC CAPTURE 


This is the process of representing logic on the workstation by calling and naming each cell 
and macro to be used and by naming all input and output interconnections. A hierarchical design 
process permits the development of higher-level macros composed of cells and lower-order 
macros. These ‘‘super’’ macros and their interconnections are also named. Within the limits 
of the particular workstation, this hierachical design process is continued until the ASIC is 
implemented. When completed, the workstation captures the defined logic in a hierachical netlist 
database. This database is utilized by the library Hardware Description Language (HDL) translator 
to convert the code into a Tl design automation system code, called HDL. At this time, the 
workstation can provide a hard-copy logic diagram of the standard cell IC. 


AC AND DC TEST VECTOR GENERATION 


Utilizing the test vectors developed in Phase O, files are input to the design workstation, which 
will overlay both functional and delay time attribute specifications on the schematic. 
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FUNCTIONAL AND TIMING SIMULATIONS 


The workstation utilizes the ac and dc test vector files to verify pre-layout functionality and 
timing performance. This simulation uses the macro cell’s intrinsic characteristics. 


TEST DESCRIPTION LANGUAGE (TDL) 


The workstation test vectors used in the pre-layout simulation are translated into TDL 
automatically by the Tl ASIC™ library TDL translator software. The extracted TDL patterns can 
be evaluated by programs that simulate faults at every node to see how effectively the test 
patterns are detecting faults. Test pattern grading is an optional procedure. 


Design Specification 


The blank, generic, standard-cell IC design specification forms, available from Tl, can be used 
as a working guideline to achieve successful pre-layout simulations. If so, most of the design 
specification data are captured during Phase O and 1. A formalized version can then be completed 
for joint approval by you and Tl. Upon approval, both the design specification and data files 
are given to TI for Phase 2. 


Successful completion of Phase O and Phase 1 yields the following results: 
A data base for the circuit description in HDL 
A database for a set of test patterns expressed in TDL 
A design specification. 


Generating the Chip Layout (Phase 2) 


During this phase of your ASIC design, the HDL/TDL database, developed in Phase 1, is 
converted into an actual device layout. 


PLACEMENT AND ROUTING 


Cells and interconnections are arranged according to our I/O design requirements. Using your 
HDL, a computer-automated layout is completed. Cells are first placed by the layout software, 
and then cell interconnections are made using the hierarchical netlist data base. 


LAYOUT CAPACITANCE EXTRACTION 


Values of the interconnect capacitance for each network are extracted and added to cell 
Capacitance to derive the total capacitive loading on each circuit node. 


POST-LAYOUT SIMULATION 


Similar to the pre-layout functional and timing simulation, post-layout simulation combines the 
effects of intrinsic and interconnect capacitance and resistance values to simulate the 
performance based on the chip layout. 


REVIEW 


Results of the post-layout simulation are evaluated for conformance to design specification. 
Beyond conformance, the database results are evaluated for compliance with predictable norms 
defined for the design-automation-system process. 


DESIGN SPECIFICATION 


Based on results of the post-layout review, the design specification is confirmed and updated. 
Confirmation consists of a mutual agreement to proceed to Phase 3. An update is interactive 
and requires approval by both purchaser and TI. If necessary, options for the update are reviewed 
with the customer and specification changes, or database changes, that will meet the design 
requirements are proposed. 


DESIGN VERIFICATION 


The layout database is checked by the design automation system to ensure that geometric 
design rules are met. 


SCHEMATIC VERIFICATION 


The schematic verification program uses the layout database and works backward to generate 
a new HDL, which is then compared to the pre-layout HDL description. 


MERGE INTERNAL CELL STRUCTURE 
The post-layout verified database is merged with a tooling-structure database, resident in the 
design automation system. This merge completes the tooling database. 


TOOLING DATABASE 


The tooling database is used to extract the test programs and pattern generator (PG) files. The 
files are needed to support wafer fabrication and chip testing. 


Successful completion of Phase 3 yields the following results: 
A test-program generation (TDL) database 
A wafer-fabrication tooling database. 


Chip Fabrication and Testing (Phase 3) 

Prototypes of your ASIC design are fabricated and tested as described in the following 
paragraphs. 

PHOTOMASK TOOLING 


The PG files are used to execute the photomask designs needed to produce the wafers containing 
the custom ICs. 


WAFER PROCESSING 


Wafers are processed through a TI front end utilizing one of the mainstream front-end processes 
for the individual ASIC product. 


PROBE TEST 


Standard wafer-probe techniques are applied to implement cost-effective utilization of fabrication 
materials and resources. A probe test ensures the assembled ICs are most likely to yield 
parametrically good devices. 


PROTOTYPE ASSEMBLY AND TEST 


Chips passing the probe test are used in the prototype fabrication. Prototypes are packaged 
in ceramic packs or carriers as an expedient method for completing design evaluations. Class 
‘‘A’' prototypes are typically tested at room temperature for functionality while being exercised 
at 1 MHz. Electrical characteristics of the input cells, output cells, and static supply current 
are ‘‘go-no-go’’ tested to the design specification. These class ‘‘A’’ prototypes are expedited 
to you for use in performing system functional testing. 


AC CHARACTERIZATION AND DATA LOG (OPTION) 


The remaining prototypes (class ‘’B’’) are tested/data logged by Tl in accordance with the design 
specification. Typically, class ‘‘B’’ is tested for functionality at the rated performance range(s) 
over operating ranges of supply voltage and temperature. Standard data logging is limited to 
‘‘go-no-go’’ conformance to the design specification. These prototypes permit the customer 
to perform system characterization and system prototype delivery prior to production start-up. 


VOLUME PRODUCTION 


Acceptance of the characterized ‘‘B’’ prototypes conforms to the design specification as required 
prior to the acceptance of production orders. A production commitment is not necessary to 
engage with Tl on any military ASIC design. Should production be required, Tl has the quality 
systems in place to process ASIC designs through the MIL-STD-883 production flow. 


TESTABILITY STANDARD CELLS FOR JTAG (P1149.1) 


Tl has developed a series of special purpose cells to simplify addition of diagnostic, emulation, 
and test functions in ASIC designs. This family of bit-slice test elements is ideal for building 
structured, hierarchical test systems based upon a proposed JTAG, P1149.1 serial test 
architecture. The elements can be used to implement boundary scan testability schemes, 
increase fault coverage, implement pseudo-random pattern generation, provide nonintensive 
system emulation, and develop Built-In-Self-Test (BIST) circuits. Customer-specific testing 
strategies can also be implemented with these cells and other TSC500 library cells. 


These testability cells are useful elements in assisting design engineers to meet MIL-STD-2165 
test requirements for system-level design. Scope cells help reduce ‘‘Cost of Ownership’’ by 
offering a method of implementing a practical test strategy. 


REGIONAL TECHNOLOGY CENTER SUPPORT 


Extensive customer support is provided by TI’s regional technology centers, located worldwide. 
The regional technology centers have teams of Military Semicustom specialists on location 
to provide technical assistance and design services for ASIC customers. The Regional 
Technology Centers also offer training courses to familiarize the customer with the gate arrays 
and standard cell design flow. Tl operates technology centers in the following U.S. cities: 


Atlanta, GA 
Boston, MA 
Chicago, IL 
Dallas, TX 
Irvine, CA 
Santa Clara, CA 


A flexible design interface executed via the technology centers is the foundation of Tl’s ASIC 
strategy. This flexible interface allows the customer to perform as many or as few of the design 
tasks as he chooses. The TI standard cell and gate array libraries are supported on the leading 
industry work stations, namely those provided by Mentor Graphics, Daisy Systems, and Valid 
Systems. 


The Military ASIC design process is fully supported by advanced automation tools developed 
at Tl over years of experience in IC design. Tl’s design automation provides designers with 
integrated software that supports all phases of the design process. It includes software for 
simulating, verifying, and testing designs to assure first pass success. 


TI’s responsiveness to customer needs is further enhanced by a manufacturing system that 
delivers prototypes within minimal cycle times. The manufacturing system is geared to provide 
rapid design for prototypes and Military processing for production. 


Military semicustom design with Texas Instruments combines a comprehensive product line 
with the leading design and manufacturing tools of an experienced military supplier that maximize 
the benefits of semicustom ICs. 


SUMMARY 


The Tl ASIC product offerings provide simple electronic solutions for making your products 
uniquely innovative. The breadth of TI’s ASIC products enables you to become familiar with 
a singular design flow for almost any military ASIC design need. For assistance beyond the 
scope of this book, please contact the following sources: 


TI Field Sales Representative(s) 
ASIC product specialist(s) at the Tl Regional Technology Centers 
The Tl ASIC Center in Dallas. 


= European ui Space Specifications 


Logie Testing Philosophy _ : 


Radiation-Hardened ICs 
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Radiation-Hardened Integrated Circuits 


In addition to the historic military |C environmental requirements, the Department of Defense 
(DoD) has added nuclear radiation survivability. In 1983, DoD publication 4245.4 stated: ‘‘It 
is DoD policy that nuclear survivability and hardness features shall be included in the design, 
acquisition, and operation of major and non-major systems that perform critical missions in 
nuclear conflicts. This includes conventional forces, non-strategic nuclear forces, and supporting 
command, control, communications, and intelligence systems.’’ Prior to this time, the only 
military systems that were concerned with nuclear survivability were the strategic missile 
systems that would encounter radiation as a result of nuclear explosions. 


However, nuclear blasts are not the only source of radiation that is detrimental to ICs. The 
natural radiation that occurs in space must also be taken into account for satellite applications. 
Terms that describe radiation are listed in Table 1 along with the typical levels of measurement 
that describe the intensity or effect of the radiation. The definitions of the terms follow Table 1. 


Table 1. Typical Levels of Radiation 


SOURCE 
RADIATION TERM TYPICAL LEVEL UNITS 
NATURAL | NUCLEAR 
x 104— 106 Rads(Si) 
" 


pox | 
Dose Rate (Gamma Dot) ae 1081012 Rads(Si)/s 
Neutrons or Neutron 
x 1011-1014 n/cm2 
Fluence 
Single Event 
7 Xx (O° <4. 10-1) errors/bit-day 
Upset (SEU) 
a 


Total dose (Gamma), more correctly called total ionizing radiation, is the cumulative damaging 
effect caused by the creation of both positive and negative charges. This is primarily a surface 
leakage phenomena affecting gate and/or field oxides. It is the amount of energy in ergs absorbed 
in the material receiving the radiation. The commonly used measurement unit is a Rad for 
radiation absorbed dose. One Rad is equal to an absorbed energy of 100 ergs per gram of 
material. The material must be specified. In the case of most ICs, the substrate is silicon; 
therefore, the units used for radiation in silicon are Rads(Si). Total dose results from both natural 
and nuclear sources. 


Dose rate is a measure of the transient ionizing radiation that occurs in the early part of a nuclear 
burst. The excess photo currents that are generated by the burst can cause a circuit to 
malfunction or even burn out. Since it is a rate, it is measured per second, and the units for 
silicon ICs are Rads(Si) per second. 
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Neutrons also are primarily associated with a nuclear blast. Neutrons can cause displacement 
damage in the crystalline lattice resulting in minority carrier lifetime degradation. This affects 
bipolar linear devices most, then bipolar digital, and much less for MOS digital since MOS devices 
are majority-carrier devices. Neutron exposure is commonly given in terms of the neutron flux 
or neutron fluence expressed as the number of neutrons per square centimeter (n/cm2). 


Single Event Upset (SEU) is caused by a single ionizing particle occurring in natural radiation 
with sufficient critical charge to cause upset, e.g., a change of state of a memory cell. This 
has become more of an issue as device geometries have become smaller. One way of measuring 
is to monitor memory bits and record the errors that occur per bit in a given day. Thus, the 
units of errors/bit-day. 


Latchup can occur from parasitic structures that form the equivalent of an SCR or PNPN 
structure. The currents required to initiate latchup in these parasitic structures can be caused 
by either natural or nuclear radiation. Parasitic structures are triggered into latchup and remain 
there after triggering. 


The level of radiation an integrated circuit will withstand depends both on its design and 
processing history. Once designed and processed, samples of radiation-hardened ICs must 
undergo radiation testing to ensure their radiation integrity. The dependence of the tolerance 
to radiation on the design and the process of various Texas Instruments integrated circuit families 
is indicated in Figures 1, 2, and 3. 


Figure 1 illustrates the broad range of radiation that the various families can tolerate for a total 


dose of gamma radiation from 103 to 107 Rads. The use of the ICs in tactical space and strategic 
systems along this scale is indicated. Figure 2 illustrates the radiation tolerance of the families 
to a transient pulse of gamma radiation for less than 100 nanoseconds. The scale is 107 to 
1010 Rads(Si) per second. 


Figure 3 again separates the families into space and strategic applications. It illustrates the 
tolerance of the ICs to neutron flux in broad ranges from 1012 to 1016 neutrons per square 
centimeter. 


All of the families shown are presently in production except the CMOS/SOI (silicon-on-insulator) 
devices that are still under development. These devices are mentioned to alert users that 
development is going on in device structures that have been shown to have significant 
improvement in radiation tolerance in all three categories illustrated in Figures 1, 2, and 3. The 
initial CMOS/SOI devices, a family of 64K SRAMs, are scheduled for production early in 1990. 


All TTL, 54 Series, 54L, S, LS, and H nomenclatures refer to the standard military TTL families. 
ALS (ALL), ALS (WE), and ALS (NE) refer to the Advanced Low-Power Schottky family. ALS 
(WE) is a walled-emitter structure and ALS (NE) is a nested-emitter structure. JI BIP is a bipolar- 
junction isolated structure, whereas NMOS is a junction-isolated MOS structure. HCMOS, 2-um 
CMOS, and EPIC™ 1A are all subsets of CMOS (DIG), which is digital CMOS only, and are 
epitaxial (EPI CMOS) JI structures. Bulk CMOS has no epitaxial layer. 


EPIC is a trademark of Texas Instruments Incorporated. 
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ALL TTL 
DI TTL 


TACTICAL == =SPACE STRATEGIC & SDI 
DI LPS 
ALS (WE) 


3 YY 
Uy 7 


YYW 


*IN DEVELOPMENT Rads (Si) 


RH LIN 
GaAs -p 


Figure 1 . Gamma Total Dose 


LIN and BIP LINEAR refer to standard commercial bipolar linear structures. LinCMOS™ is a special 
linear CMOS structure, and RH LIN is a special radiation-hardened linear structure that uses 
dielectric isolation. Dielectric isolation refers to an integrated circuit process whereby each 
transistor is made in a silicon ‘‘tub’’ that has oxide dielectric completely around it to isolate 
it from neighboring transistors in tubs. This process increases dose-rate upset threshold and 
prevents latchup. 


Tl currently produces a line of radiation-hardened bipolar digital ICs and also a line of radiation- 
hardened high-performance bipolar linear ICs using the dielectrically isolated process. In 
Figures 1, 2, and 3, these digital ICs are identified with a DI prefix. Tl also is working in research 
laboratories to develop Gallium Arsenide (GaAs) ICs that have radiation tolerance as indicated. 


DI LPS 

ALS (ALL) 
I2L 

BULK CMOS 
EP! CMOS 
CMOS/SO!I 


TECHNOLOGY 


Rads (Si)/s 


Figure 2. Transient Upset 
(Gamma Short Pulse, < 100 ns) 


LinCMOS is a trademark of Texas Instruments Incorporated. 
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SPACE STRATEGIC & SDI 


54 SERIES 
54L00 

DI TTL 
54LS00 -+ 
DI LPS 
54HO0O 
54S00 
ALS (ALL) 


— YfyvErsz 


Figure 3. Neutron Fluence 


TECHNOLOGY 


Most new radiation-hardened IC designs are using CMOS technology. Three integrated structures 
vying for the market are standard CMOS, CMOS built on silicon isolated on a sapphire substrate 
(CMOS/SOS), and a special Tl developed structure identified as CMOS/SIMOX. CMOS/SOS 
and CMOS/SIMOX are the two most commonly used technologies in the range of processes 
referred to as CMOS/SOI. SIMOX stands for separation by implanted oxygen. It is a buried 
oxide silicon-on-insulator (SOI) structure. It shows promise in providing a structure that meets 
the demands of higher-performance devices and greater packing density of the VLSI era. 


The following subsections cover Tl’s product offerings in the conventional structures and then 
describe the thrust made in SRAMs using the CMOS/SIMOX structure. 
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RADIATION-HARDENED BIPOLAR DIGITAL ICs 


Texas Instruments has been producing custom dielectrically isolated (DI) circuits for over 20 
years. These circuits have been used for radiation-hardened military applications such as the 
Minuteman, Trident, and Peacekeeper programs, as well as for commercial programs such as 
the thermal printhead, cross-point switches for telecommunications, and high-noise immunity 
logic for harsh industrial switching environments in which high-voltage isolation, high-thermal 
isolation, high-temperature operation, and/or radiation hardness were required. Tl currently has 
in production a line of DI bipolar circuits based on 54LS technology. These parts, their nearest 
commercial equivalent, and their circuit function are listed below. Texas Instruments uses the 
MPR part number prefix to designate those parts that have been designed and processed to 
meet strategic level radiation-hardness requirements. 


[women | causa | POMPOM 
FUNCTION 

NUMBER EQUIVALENT 

MPR54LS00 SN54LSO00 Quad 2-input NAND gate 
MPR54LS20 SN54LS20 Quad 4-input NAND gate 
MPR54LS112 SN54LS112 Dual J-K flip-flop 
MPR54LS155 SN54LS155 Dual demux 
MPR54LS181 SN54LS181 ALU 
MPR54LS187 SN54LS187 256x4 ROM 
MPR54LS193 SN54LS193 4-bit counter 
MPR54LS194 SN54LS194 4-bit shift register 
MPR54LS253 SN54L$253 Dual 4-to-1 MUX 
MPR54LS8253-1 SN54LS253 High-drive ‘LS253 
MPR54LS287 SN54LS287 256 x4 PROM 
MPR54LS670 SN54LS670 4x4 register file 


HIGH-PERFORMANCE, RADIATION-HARDENED LINEAR ICs 


The design and process modifications usually implemented to improve a circuit’s radiation 
hardness degrade the performance of the part due to increases in parasitic capacitance and 
resistance. The use of dielectric isolation techniques — such as the single poly DI process used 
on the digital circuits above or the SIMOX process used on TI's radiation-hardened CMOS circuits 
described in a later subsection — offsets most of the increased parasitic capacitance, resulting 
in both high performance and high radiation tolerance. In addition, dielectric isolation facilitates 
the fabrication of high-frequency PNP transistors required for high-speed complementary circuits. 
The shallow diffusion profiles required for high total dose and neutron tolerance also improve 
the high-frequency capability of this technology. The end result is a bipolar linear process that 
can be used to address both high-performance and high radiation-hardness military market 
requirements. 


Texas Instruments is using two approaches to serve the military market: 
1. Second sourcing existing linear circuits 
2. High-performance, radiation-hardened versions of the same circuits. 
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Listed next are both production and planned custom military linear circuits. As with the digital 
parts listed before, the MPR prefix designates parts which meet strategic radiation-hardness 


requirements. 
PART 
DESCRIPTION 
NUMBER 
MPR155,56,57 JFET input OP AMP, similar in function to HS3516 
MPR55pnA733 Video amplifier, similar to n«A733M 


MPR550173 VCO 


MPR55115 Dual line receiver 
MPR551785 4-channel sense amplifier 


TLDZ520 Second source to HA2520 
MPR3516 Second source to HS-25264H 
SL5317 Second source to SL531 


SL5327 Second source to SL532 
SL15217 Second source to SL1521 


TThese parts are not dielectrically isolated. 


RADIATION-HARDENED SRAMs 


Texas Instruments is presently developing a family of static RAMs for use in radiation 
environments such as may be found when used on satellites, space shuttles, and strategic 
weapons. These environments differ from those normally encountered in ground-based systems 
in that the radiation is composed not only of a low flux of x-rays but also high-energy atomic 
particles and very short duration, very high dose rate pulses of electromagnetic energy. These 
last two radiation sources are the major causes of Single Event Upset (SEU) and Dose Rate 
(sometimes called ‘‘gamma dot’’) induced errors in memory functions. 


The devices being developed by TI utilize the unique CMOS/SIMOX structure discussed 
previously to achieve their unexcelled radiation tolerance. This technology has been under 
development for nearly ten years and TI enjoys a leadership position in its development. SIMOX 
technology is first being applied to SRAMs. TI hopes to extend the applications to ASICs in 
the near future. 
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At the present time, plans are in place to introduce 8K x 8 and 64K x 1 Strategic Level Rad 
Hard SRAMs and to follow these with various organizations of 256K density. These memories 
will be Very High Speed Integrated Circuit (VHSIC) technology components fabricated using 
TI’s EPIC™ CMOS technology, and will be designed for space applications. These devices are 
expected to be useful for applications in programs for customers who require the advanced 
performance features of high reliability, high speed, and radiation tolerance. NASA, SDI, and 
military and commercial communications satellites are typical customers of this type. Features 
expected for these devices are listed below. 


Features: 


e High performance: Access time as low as 25 ns pre-Rad, 40 ns post-Rad maximum, 
over full military temperature range 

Low standby power: CMOS low-power circuitry 

Six transistor memory cell design for high radiation tolerance 

EPIC™ CMOS technology for manufacturability 

Space qualified 

Radiation tolerance: Total Dose = 1 megaRad(Si); SEU < 1x 10-19 errors/bit-day; 
Gamma Short Pulse (dot) > 2x 1011 Rads(Si)/s 


Monolithic-Microwave ICs 


Optoelectronics 


Zn 
European & Space Specifications 


Logic Testing Philosophy _ 


| Process Flows - 


Mechanical a 
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High-Density Power Supplies 
INTRODUCTION 


Power supplies are the heart of every electronic system. Yet, despite their importance, power 
supply packaging developments have not kept pace with the high-density packaging 
advancements required by today’s military systems. As a result, the power supplies in these 
systems often occupy as much space as the rest of the system electronics combined. 


As early as 1980, Texas Instruments recognized the critical nature of these problems and began 
seeking solutions. The result is a family of military qualified high-density power supplies that 
combines efficient switching regulator circuit designs with low-profile magnetics, ceramic thick- 
film techniques, and surface-mount packaging technology to achieve a ten-fold increase in power 
density (watts per cubic inch) and a five-fold decrease in weight over conventional power 
supplies. Typical high-density power supply characteristics are listed: 

High-efficiency switching regulator 

10 watts/in3 and greater power density 

25,000 hrs MTBF (AUF) 

270 V dc input (MIL-STD-704D, 115 V ac, 400 Hz compatible) 

28 V dc input (MIL-STD-704D) 

2 through 15 V dc output at 200 watts 

Parallel output capability with current sharing 

Status outputs: Thermal, current, and voltage 

Built-in test, 2-level maintenance 

Protection: Output short, overtemperature, and overvoltage 

External enable, sequencing, sync, and remote sense regulation 

80% efficiency typical 

Tl, Bendix, Raychem, Malco, and Itron connectors 

1.35 pounds total weight 
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PERCENT OF SYSTEM VOLUME 


REQUIRED IMPROVEMENTS: 
® 10 TO 20 POWER DENSITY INCREASE 
5 TO 10 WEIGHT DENSITY INCREASE 
2x TO 5x RELIABILITY/MTBF 

FULL MIL PERFORMANCE 


70 


60 


50 


40 1983-85 


» LCCs, HYBRIDS a 
» ee 
a ADVANCED PACKAG| 
_ DIPS, DISCRETES = 
» = ——j— ADVANCED pwep, 
Oo STANDARD TECHNOLOGY WI/CU IN 
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POWER SUPPLY DENSITY 


Advanced Power Supplies 


PACKAGING CONCEPT 


This modular packaging concept is totally compatible with today’s modular packaging trend 
that divides the total system into a set of unique functional assemblies. This packaging approach 
permits easy removal and replacement of any electronic assembly, including power supplies, 


thus lowering system maintenance costs, life cycle costs, and down time. 


Modular, high-density power supplies can be used in distributed configurations that offer distinct 
advantages over conventional, centralized power supply configurations. Modules can be 
paralleled for increased load and redundancy. With this approach, if one supply fails, the others 
can continue operating. A key feature of the packaging concept is that power supplies have 
the same form factor as the other line replaceable modules, which allows for identical thermal 
and mechanical interfaces. These features provide benefits in reliability and supportability in 


addition to those achieved in size and weight. 
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115 Vac 


400 Hz HDSMI1) 
3-Phase Power POWER SUPPLY 
or 28 Vdc 
FUNCTIONAL 
270 V de CARD GROUP 
i HDSM 
POWER SUPPLY 
MIL-STD-704 EMI 


FILTER AND 
RECTIFIER MODULE 
HDSM 
POWER SUPPLY 


MODULE 
SET ‘‘N”’ 


HDSM 
POWER SUPPLY 


HDSM power supplies can be located next to the load cards. 
(1) HDSM = High-Density Standard Module 


Distributed Modular Power Supply Approach 
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HVS-200-5 DESCRIPTION 


The HVS-200-5, which includes complete power supply topology within the module, converts 
270 V dc into a regulated 5-V dc output with 40-A capability. It can be operated in parallel 
with other similar power supplies to provide increased current. The power supplies are 
synchronizable to a system clock and feature built-in test provisions to identify fault conditions 
including overtemperature and overcurrent while the output is protected against both overcurrent 
and overvoltage conditions. The overtemperature status can be connected directly to a thermal 
shutdown input for automatic protection, and remote sense lines are provided to compensate 
for external line voltage drops. 


The HVS-200-5 is representative of Tl’s preferred standard modular power supply configuration, 
which has dimensions of 6.58 inch long by 5.88 inch wide by 0.5 inch thick and is designed 
to fit in a 3/4 ATR (size 6) line-replaceable unit (LRU). Its power density is 10 watts per cubic 
inch and it delivers 150 watts per pound of weight. 


Features of the HVS-200-5 include: 
® 270 V dc input (MIL-STD-704D) 
@® 5 Vdc output; 40 A normal, 50 A overload 
@® 80% efficiency typical 
@® 50 W dissipation at 40 A output 
@® 25,000 hours MTBF (70°C card edge temperature, airborne uninhabited fighter 
environment) 
® 35,000 hours MTBF (excluding nonessential functions) 
® Parallel output capability with current sharing 
® Continuous monitoring of power status and module temperature 
@® 1.35 pounds total weight 


OUTPUT 
FILTER 
AND 
RECTIFIER 


TEMPERATURE 
SENSOR 


BUILT-IN TEST 
CIRCUIT 


POWER 
SWITCHES 


INPUT 
FILTER 


LOCAL BIAS 
CIRCUIT 
EXTERNAL INHIBIT 
EXTERNAL SYNC (OPTIONAL) 


LOCAL VOLTAGE CURRENT SENSE 
REMOTE VOLTAGE SENSE 


5 Vdc 


270 Vdc | 


GROUND 


CONTROL 
CIRCUIT 


THERMAL STATUS 

POWER BUS STATUS 
POWER MODULE STATUS 
OUTPUT CURRENT STATUS 


High-Density Power Supply Block Diagram 
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HVS-200-5 power supply cooling is accomplished by conducting the generated heat through 
the power supply card edges to an LRU where either air or liquid can be used to cool the cold 
plates. The HVS-200-5 delivers 200 W in air-cooled applications and has potential for 300 W 
in liquid-cooled applications, resulting in power densities of 10 W and 15 W, respectively. 


LVM-160 DESCRIPTION 


The LVM-160 High-Density Power Supply (HPDS) is a state-of-the-art low voltage input military 
power supply with multiple output voltages. It is based on TI’s advanced power conversion, 
magnetics and surface mount technologies, in a SEM-E ‘‘Common Module”’ format, size 6 
enclosure. 


The LVM-160 is designed to meet full military specifications. It offers high performance and 
reliability in today’s high-density electronics environment, and provides supportability advantages 
in line with DoD’s Line Replaceable Module (LRM) concept. 


Tl power supply technology is available today and is being applied in the new military aircraft 
— ATF, A12, and LHX. 


Specifications Performance 
Input 28 V per MIL-STD-704A or Power 160 watts, multiple voltages 
equivalent and currents 
Efficiency 75% minimum 


Output(s) 5 V at 20 A, +15 V at 3 A each : — 
Power density 8 watts/cubic inch 


Environment MIL-E-5400 class 2X Weight 1.35 pounds (with covers) 
Cooling Conduction through card edges Reliability 25,000 hr MTBF (AUF class 
Interface 172 pin high-density connector (MTBF) 110°C maximum junction per 
Size 5.88'" x 6.5" x 2.58’" max MIL-HDBK-21 7) 

Features 

@ Parallelable to 5 modules 

M@ Status outputs: thermal, current, and voltage 

HM Built-in test, 2-level maintenance 

HM Output-short, overtemp, and overvoltage protections 

M@ External enable, sequencing, sync and remote sense regulation 
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STANDARD POWER SUPPLY FAMILY 


Texas Instruments has developed other standard high-density power supplies to support a large 
cross section of advanced military power supply requirements. These are described in the chart. 


High-Density Power Supplies 
Product Family 


270 V DC INPUT VOLTAGE @ POWER DENSITY Wilb FORM 
(MIL-STD-704) CURRENT FACTOR 


HVS-200 5V@40A 200/1.35 
8V @27A 216/1.35 
12V@20A 240/1.35 
15V@I14A 210/1.35 


HVM 5V@20A 10 190/1.38 SIZE 6 
ee ee ae ae 
AUX 5V@3A 1.2 30/1.5 SIZE 6 


28 V DC INPUT VOLTAGE @ POWER DENSITY _— FORM 
(MIL-STD-704) CURRENT (W/in3) FACTOR 
LVS-200 5V@40A 10 200/1.5 SIZE 6 
LVM-160 5V@20A 7 130/1.5 SIZE 6 
+15V@1AEA 
LINE 
VOLTAGE @ POWER DENSITY FORM 
CONDITIONER/ W/Ib 
CURRENT (W/in3) FACTOR 
RECTIFIERS 


LCR-600 600 W @ 270 V 600/1.5 
LCR-900 900 W @ 270 V 915/5.4 
15W@5V 


Facilities 


Texas Instruments high-density power supplies are fabricated, assembled, and tested in 
conformance with military standards in the Microelectronic Packaging Systems facility operated 
by Tl in Dallas, Texas. This 25,000-square-foot class 100K facility consistently operates at 
class 10K or better and is supported by over 100 dedicated engineering and technical support 
personnel covering the full range of technical disciplines required to fabricate, assemble, test, 
inspect, and deliver state-of-the-art military power supplies, and surface-mount assemblies. 
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EXPERIENCE 


Texas Instruments has designed and developed high-performance military power supplies for 
many years in support of internal requirements. These power supplies, which use conventional 
design and packaging, include a collection of dc-to-dc converters and 115-V ac, 3-phase, 400-Hz 
input switched-mode power supplies. The typical unit is designed to deliver multiple precision- 
regulated output voltages at power levels in the 100- to 1000-W range. TI routinely designs 
full MIL-SPEC power supplies for a wide variety of avionics, missile and ground-based 
applications, and has an established power conversion design group with experience in all 
aspects of military power supply requirements specifications, hardware development, and 
support. 


QUALITY AND RELIABILITY ASSURANCE 


Power supply development at Tl is supported by a complete design assurance program. Quality 
requirements are closely coupled to military specifications in all key areas such as design analysis, 
design verification test, component and module environmental screening, and manufacturing 
control. 


Comprehensive design analysis is performed in all critical areas including circuit stress analysis 
(with NAVMAT P4855-1 derating criteria), thermal models, reliability prediction and failure 
modes, and effects analysis. These engineering reports are available for review. 


Design verification testing includes complete module burn-in, failure reporting and corrective 
action systems, and environmental qualification and reliability testing. Components are screened 
and burned in to appropriate military specifications and slash sheets prior to use in product 
manufacturing. 


Production quality systems and procedures are presently in place within TI for all facets of 
manufacturing, fabrication, and test. 


Overall quality requirements applicable to high-density power supplies include: 


MIL-Q-9858A Quality Program Requirements 

MIL-Il-45208 Inspection System 

MIL-STD-480 Configuration Control — Engineering Changes 
MIL-STD-1520B Corrective Action and Disposition System 
MIL-STD-785 Reliability Program Elements 


This product line is designed to applicable military specifications and a full military environment 
including airborne-uninhabited. Examples are: 


MIL-E-5400 Electronic Equipment, Airborne (Environment) 
MIL-STD-454 Workmanship 

MIL-STD-704D Input Power 

MIL-STD-883 Screening for ICs and Hybrids 
MIL-T-27 Magnetics 

MIL-STD-198 Capacitors 

MIL-STD-199 Resistors 

NAVMAT-P4855-1 Design Guidelines 
MIL-HDBK-21 7 Reliability Predictions 
MIL-M-38510 Microcircuits 

MIL-S-19500 Semiconductors 
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These general requirements are implemented through approved standard procedures, quality 
operating instructions, and other workmanship and quality standards. 


Over the years, TI’s engineering staff has contributed to the success of numerous programs 
providing solutions to unique power system problems. As a result of the clear and growing 
internal need for technology improvements amplified by the VHSIC Phase | contract in 1980, 
Tl made a strong corporate commitment to develop the engineering expertise and resources 
necessary to produce high-performance high-density modular power supplies. This commitment 
is even stronger today and makes state-of-the-art technology available to all DoD contractors. 


From conceptual design to hardware implementation, Tl provides a single turnkey resource 
to solve your troublesome power supply engineering problems. 


HIGH-DENSITY POWER SUPPLIES NOMENCLATURE 


LVS — 160 


Voltage eo 


Low voltage (28 V dc) 
High voltage (270 V dc) 


Output 
Single (2-15 V dc) 
Multiple (triple) 


Wattage 
160 W 
190 W 
200 W 
500 W 


AG. 


Radiation-Hardened ice. 


Power Supplies 


Space Products _ 


European & Space Specifications _ 


Data Sheets _ 


Logic Testing Philosophy 


Process Flows | 


Mechanical 
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Monolithic-Microwave ICs 
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Monolithic-Microwave Integrated Circuits 
BACKGROUND 


TI’s Microwave Military Components (MMC) organization was created to produce Gallium 
Arsenide (GaAs) Monolithic Microwave Integrated Circuits (MMICs), and to integrate the broad 
range of technologies available at Texas Instruments. 


MMC has developed GaAs MMICs and components for military radar, electronic warfare, missile 
guidance, and communications systems. Future systems in these areas will require improved 
performance, reduced size and weight, and higher quality — all at a fraction of the cost of 
today’s hybrid systems. 


A TRADITION OF SUCCESSFUL CIRCUITS 


Texas Instruments engineers have been designing MMICs since 1979 and have created some 
of the industry’s most sophisticated designs. Extensive circuit element modeling of single- and 
dual-gate FETs, capacitors, resistors, transmission lines, and microstrip discontinuities has led 
to a large number of successful monolithic microwave designs, including many first-pass MMIC 
designs, meeting all design goals to RF specs without the need for additional design iterations. 


Tl has demonstrated a variety of monolithic low-noise and power amplifiers, both narrowband 
and wideband. Performance characteristics available from the standard monolithic microwave 
product family are shown in Figure 1. 


TYPICAL WIDEBAND PERFORMANCE 
(V+ = 12V, Vout = 5 V. Ta = 25°C) 


0.1 0.3 04 aa 2 2 “ 6 8 10 


Gain and Noise Figure (dB) 
= 


Frequency (GHz) 


Figure 1 
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A wide range of microwave circuits have been fabricated on GaAs at TI. Both narrowband 
double-balanced and wideband distributed mixers have been demonstrated. A 2- to 18-GHz 
distributed monolithic mixer has been designed which uses dual-gate FETs and achieves 
approximately 2-dB conversion loss with RF and LO port SWRs less than 2.5:1. An IF amplifier 
has also been integrated with this mixer to achieve conversion gain across 2 to 18 GHz. 


Active wideband (2-20 GHz) baluns and passive transformers have been constructed on GaAs. 
Various power divider/combiner circuits have also been fabricated, including Lange couplers, 
Wilkinson dividers, and 3-, 4-, and 6-way traveling-wave combiners/dividers (TWCDs). The 
TWCDs work well across 4-20 GHz: a four-way TWCD was used to power combine four 0.5 W 
distributed amplifiers to achieve 2 W output power at 18 GHz. The TWCD and four distributed 
amplifiers were integrated on a single chip. 


A variety of narrowband and wideband switch MMICs have been developed at Tl. Narrowband 
SPDT FET switches have been designed at frequencies ranging from 8 to 16 GHz. Wideband, 
multipole switches covering 2-20 GHz, 6-18 GHz, and other frequency ranges have been 
constructed using both GaAs FETs and GaAs PIN diodes. Some of these switch structures have 
been incorporated in monolithic X-band 4-bit phase shifters. Both discrete and analog phase- 
shift bits have been built. 


SYNERGY OF TECHNOLOGY AND EXPERIENCE 


Texas Instruments has brought together more than 25 years of experience in GaAs materials 
technology, component integration, system production, and packaging. Added to this is TI’s 
semiconductor expertise with wafer processing, device characterization, and testing. Tl has 
made significant advances in materials and processing technologies to improve yields and 
achieve consistent microwave performance. Tl expects that further process developments and 
the potential for higher levels of automation will lead to high-volume production and still lower 
costs. 


TI’s development engineering, component manufacturing, and semiconductor processing know- 
how can provide the technology edge required to produce the most complex monolithic 
microwave integrated circuits for use in your microwave systems. This experience is part of 
every standard device and component. Or, if you choose to use our foundry services, it can 
be a part of your custom design. 
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BEST TECHNICAL BREAKTHROUGH 


Tl won the DARPA 1985 Award for ‘’Best Technical Breakthrough by a Contractor’’ at the 
Eleventh Strategic Systems Symposium for development of an X-band transmit/receive radar 
module chip. MMIC transmit/receive gain levels were in the 20 dB range, with output power 
exceeding 0.5 W. More than 10 fully functional chips were delivered to the contractor. 


GaAs PIN diode limiters and single- and dual-gate FET variable attenuators have been fabricated. 
One variable attenuator covers dc to 20 GHz with less than 2-dB insertion loss and 10-dB 
dynamic range, while maintaining < 2:1 SWR. 


A family of four monolithic voltage-controlled oscillators covering 2 to 18 GHz (2-4, 4-7, 7-12, 
and 12-18 HGz), with on-chip GaAs varactor diodes, was demonstrated in 1983. 


ADVANCED DESIGN AND PROCESSING 


Tl offers a line of standard monolithic microwave device and component products, as well as 
a foundry service to process custom designs. 


One of the goals is to produce cost-effective, successful first-pass MMIC designs. To accomplish 
this, Tl draws on a broad knowledge base, which includes: 

Accurate passive and active DC/RF circuit element models 

Measured and modeled data to confirmed accuracy 

FET and circuit element standard cells with typical S-parameter data and models 
Statistical data on circuit element distributions and yields 

MMIC and circuit element reliability data. 
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GaAs PRODUCT LINE 


Tl works closely with our customers through the following steps to ensure satisfaction. 


GaAs MMIC FOUNDRY DESIGN FLOW 


Design guide 

Circuit design, modeling support 

Circuit file review 

CAD layout services 

Layout versus circuit file and design rule check 


® Fabrication of iron oxide-on-glass masks, using direct-write E-Beam 
@® Mask inspection and check against CAD layout 


MASK 
FABRICATION 


® |In-process autoprobe 

@® High yield via ground and MIM capacitor processes 

® State-of-the-art 0.5-um FET process. Typically 8.5-dB gain at 18 GHz 
for a 300-um low-noise FET 

@ 3-inch material 

@® Multiple FET doping profiles tailored for power or low-noise applications 


WAFER 
FABRICATION 


Wafer maps from in-process autoprobe 

Statistical analysis of DC data 

RF testing of an agreed-upon sample of chips 

Guaranteed delivery of an agreed-upon quantity of chips meeting a DC 
specification 


TEST AND 
DELIVERY 
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AN EXTENSIVE LIBRARY OF HIGHLY ACCURATE CIRCUIT ELEMENTS 


To begin the monolithic development process and achieve a successful first-pass MMIC design, 
accurate circuit element and microstrip discontinuity models are required. Commercially available 
monolithic microwave circuit element and microstrip discontinuity models are often inaccurate, 
which is the major reason for poor agreement between measured and predicted MMIC RF 
performance. Through extensive modeling efforts, Tl has developed a large library of highly 
accurate circuit elements. This speeds the conversion of design ideas into production MMICs. 


Tl GaAs MMIC FOUNDRY TYPICAL FABRICATION SCHEDULE 


After final design review 


Design terminal queue and layout 1 week (with Calma tape) 
Mask 2 weeks 
Processing 8 weeks 
Inspections 1 week 


E-BEAM LITHOGRAPHY DEFINES FET GATES 


Tl offers both 0.5- and 0.25-um gate-length GaAs FETs yielding extremely high-performance 
devices. Since the late 1970s, Tl has been using E-beam lithography to define FET gates. The 
automation of critical MMIC process steps, plus the adoption of cassette-based equipment, 
assures fabrication of highly repeatable and economical MMICs. Automation and strict adherence 
to process specifications increases yields, reduces costs, and improves the uniformity of device 
characteristics. 


TI's GaAs MMIC process uses 3-inch ion-implanted wafers. Three doping profiles are available, 
providing for a wide diversity of applications: 

@ Power profile — for high output power 

@® Intermediate profile — for general-purpose applications 

@ Low-noise profile — for high-gain, low-noise amplifiers and mixers. 
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The device processing capabilities elements are shown below. 


GaAs FOUNDRY PROCESS CAPABILITIES 


MATERIALS: 3-INCH ION-IMPLANTED WAFERS WITH 3 PROFILES: LOW-NOISE, 
INTERMEDIATE, AND POWER; IPLANT ISOLATION; 0.10 AND 0.15 MM 
SUBSTRATE THICKNESS 


FETs: SINGLE- AND DUAL-GATE, RECESSED: 0.5 pm NOMINAL GATE LENGTH 
DIODES: SCHOTTKY AND VARACTOR 
RESISTORS: NON-IMPLANTED GaAs AND METAL FILM 


CAPACITORS: MIN (SILICON NITRIDE, 150 AND 300 pF/mm2) AND INTERDIGITAL 
TRANSMISSION 

LINES & INDUCTORS: HIGH-IMPEDANCE TRANSMISSION LINES AND MULTI-TURN SPIRALS 
WITH AIR BRIDGES 


VIA GROUNDS: HIGH-YIELD PROCESS . 
PROCESS CONTROL: FULLY RELEASED PROCESSES AND COMPUTER DATA BASE 


TI delivers MMICs to both internal and external customers. With a processing capacity of 20 
three-inch wafers per day, Texas Instruments is well-positioned to meet both off-the-shelf orders 
and volume production demands. 


MMICs IN SYSTEM SOLUTIONS 


At the heart of the monolithic microwave product family is a line of standard MMICs. These 
MMICs were designed for military applications in electronic warfare (EW), radar, and 
communications. Critical parameters for MMICs used in these systems are gain, RF power 
output, noise figure, and bandwidth. The TI catalog offers the system designer convenient choice 
of level of integration. Standard parts include a range of functional component and carrier plate 
assemblies, GaAs integrated circuits, or discrete devices. 


HANDLING 


GaAs FETs and MMICs should be stored in a dry nitrogen environment. These devices are brittle 
and static-sensitive; therefore, appropriate precautions should be taken. While vacuum pencils 
are the preferred method of manually handling chips, tweezers may also be used. Automatic 
pick and place can also be used on devices of sufficient size. 


Caution: Any handling operation must avoid damage to air bridges that may be present. 


CARRIER/SUBSTRATE MATERIAL 


The recommended carrier plate materials for GaAs devices are nickel/gold-plated molybdenum 
and Alloy 42, and the recommended substrate material is vacuum-deposited titanium/tungsten 
gold-plated alumina. The nickel and titanium/tungsten serve as barrier layers to prevent diffusion 
of underlying metals that could form oxides on the gold surface and adversely affect wire or 
component bondability. All of these materials have coefficients of thermal expansion similar 
to GaAs but possess different thermal conductivities. Molybdenum should be used with power 
devices, and Alloy 42 with lower power devices. Low-noise devices may be mounted directly 
to alumina. Other similar materials may be substituted. 
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CLEANING 


If exposed to organic contaminants, the device, substrate, and attachment material (solder 
preforms only) may be cleaned prior to die bonding by using a variety of solvents including 
1, 1, 1 trichloroethane followed by isopropyl or methyl alcohol. This particular solvent sequence 
minimizes the potential of device exposure to chlorides. Asher cleaning is recommended to 
enhance bondability prior to interconnection. 


ATTACHMENT MATERIAL 


Tl recommendes the use of solder or conductive epoxy for device attachment. Solder, preferably 
80 gold 20 tin eutectic, should be used for mounting power devices. Solder operations should 
be performed without flux, on a hot plate or in a furnace, for a time not to exceed 30 seconds 
at a maximum temperature of 320°C. The process time and temperature should be kept at 
a minimum to prevent possible device degradation. Conductive epoxy may also be used for 
the attachment of lower power devices. The typical epoxy cure requires 150°C for one hour. 


Caution: Extended time at or above 300°C is harmful to these devices. Each 3 minutes of 
exposure at 300°C is equivalent to approximately 7,000 hours of 100°C operational life. 


WIRE BONDING 


The recommended method for interconnecting the device and the circuit is manual or automatic 
thermosonic ball bonding at a stage temperature of 150°C. Either 0.001-inch or 0.0007-inch 
gold wire may be used with the ball placed on the device. Thermocompression ball or wedge 
bonding with gold wire may also be used. A maximum stage temperature of 200°C is 
recommended to minimize device degradation. Discrete FET devices are generally wedge bonded 
with 0.0007-inch wire because of pad size constraints. 
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DEVICE 
TGA8014 


TGA8035 


TGA8061 


TGA8226 


TGA8021 
TGA8024 


TGA8300 


TGA8622 


TGA8220 


MMC GaAs Products 
Device Selection Guide 


AMPLIFIERS 


FREQ NOMINAL 
| oescrprion | nance | “can | rowenase | noune 
6-18 GHz power amplifier | 6-18 GHz 8 dB 27 dBm to 14 GHz 
ore Steeowwr emote ene Pe [aemeiae | 
6-18 GHz general-purpose | 6-18 GHz 12 dB 12 dBm 5 dB 
nome eee ee eee 
0.1-3.5 GHz low-noise 0.1-3.5 GHz | 18 dB 15 dBm 2.4 dB 
mote Pe eee 
2-6 GHz general-purpose | 2-8 GHz 13.5 17dBm @ V+ =15 V 5,5 dB 
ade | 


X-band variable-gain 9-10 GHz 30 dB 27 dBm 

fpmecomtte Pee 

2-18 GHz general-purpose | 2-18 GHz 6.5 dB | 18 dBm 6 dB 

eno |e pee eee 

2-20 GHz dual-gate 2-20 GHz 7.5 dB 20 dBm 7 dB 

emit ee Pee eer 

2-18 GHz power amplifier | 2-18 GHz 5.5 dB 27 dBm to 15 GHz 10 dB 
pre Pee istamwison 


MISCELLANEOUS 
FEATURES 
14% Power-added 
efficiency 
2.5 dB Ripple 


Operates from a single 
voltage supply 

1.5:1 input SWR 

>30 dBm gain 
control, 25% eff 
2.0:f1 SWR 


>30 dB gain control 


2.0:1 in/out SWR 


TGF1350 


TGF4212 


FETS 


300-um low-noise FET to 20 GHz Ga=11 dB 15 dBm 

@ 10 GHz 

Ga=7 dB 

@ 18 GHz 
1500-um medium-power | to 18 GHz MAG=15 dB} 29 dBm pulsed @ 10 GHz 
FET — 26.5 dBm CW @ 10 GHz 


@ 10 GHz 


Recessed 1/2-y~m gate 
structure 


40% CW power-added 
efficiency 


Low thermal impedance 
of 18 C/W 


LLG 


MMC GaAs Products 
Device Selection Guide (Continued) 


SWITCHES 
FREQ INSERTION RISE/FALL MISCELLANEOUS 
TGS8122 X-band SPDT FET Switch | 9-10 GHz =1.5 dB >30 dB <2 ns .8 watt input power at 
1-dB gain compression, 
in/out SWR, 1.5:1 
DC to 18 GHz SPDT FET Current consumption 


Switch <50 yA with control 
voltage of —7 V 


MMIC NOMENCLATURE 


TGA 8021 S CC X 


Prefix a A 


TGA = Monolithic Amplifier 
TGF = Discrete GaAs FET 


TGV = Monolithic VCO 
TGS = Special Monolithic Function 
TGD = Diode 


4-Digit Number Identifying the Specific Device 


Performance Screening 
S = Standard 
X = Special 


Package Code 
C = Chip 
P = Standard Package 
S = Special Package 


Reliability Screening Code 
C = Commercial 


M = Military 


Tl Internal Procurement Code 


Texas Instruments TGA8014 


Monolithic 6- to 18-GHz Power Amplifier 


Features 

@ 0.5-watt typical midband output power at 
1-dB gain compression 

M 8-dB gain 

M@ High-order matching filters optimize Class 
“A”’ efficiency 

M Size: 0.140 x 0.074 x 0.004 inch 

@ Unconditional stability wnen biased as 
recommended 

Description 


The TGA8014 is a two-stage GaAs monolithic 
medium-power amplifier. Reactively matched 
900-um and 1200-um FETs provide 8-dB 
nominal gain with 14 percent typical power- 
added efficiency. 


The small size and inherent reliability 
advantages of a monolithic device over a hybrid 
design make this device attractive for use in a 
variety of military applications. Driver and power 
stages in EW amplifiers, local oscillator buffers, 
and TWT replacement amplifiers are effectively 
addressed by the TGA8014 design. 


The TGA8014 is supplied in chip form and is 
engineered for high-volume automated 
assembly. All metal surfaces are gold plated 
to be compatible with eutectic alloy attach 
methods and thermocompression and 
thermosonic wire-bonding processes. 


Advance Information documents contain 
information on new products in the sampling or 
preproduction phase of development. 
Characteristic data and other specifications are 
subject to change without notice. 


Device Layout 


ao 
0 
= 
2. 


; 


V 
—— 0.140 + 0.003 


Units: inches 
Thickness: 0.004 (Ref only) 
[) Bonding pad area 


Circuit Topology 


H_}° RF Output 


RF Input a’ 
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Small-Signal Impedances 


(V+ =8V,V- = -1V, T, = 25°C) 
ae - “—— , "——_ — _ 
o § ~ 
as Sig ‘ ~AAN 
, 7 * A 4 V- ow ern @ £ ~\ 
& od ~ 
= at\- XN 
we / ™ ¢ *% \ — ‘\ \ 
t ~\/ ae i ™ 
~~. r ~ “ - A y 
: 7 I ws 7 2 ~ s ) 
=~ ( ~ 4 " 
‘ f ed “ > \ 
Q M ™ —_ al ~ Rn oo ] 
nein ~-t— — — a “(I~ 7 ae tte 
( io - ‘ td “i 0 / 
, o~ * 18.0 9 lA a4 
\ a \ - o {' 
‘~~ \ v7 ~ 7 cr ~ a yl 
\ N f~ 18.0 yy. 2 ys 
. *s a i v “7 . 
\ 4f~r a - A 
\ , (~~---\ SS 
XN, > ~ f - As 
. a wn 
~ " ; _ 
~~. (_ -~- sail 
Catalog Device Nomenciature 
FETs and MMICs 
TGA8014-S C C-X 
125 6 78 9 
Where: 
(1) The product type, coded as (7) Packaging coded as 
F = Discrete GaAs FET C = Chip form 
A = Monolithic amplifier P = Standard package 
V = Monolithic VCO S = Special package 
S = Special monolithic function 
D = Diode (8) Reliability screening coded as 


C = Commercial 


(2-5) A specific 4-digit number identifying the M = Military 


device, |.e., 8014 


(6) Performance screening coded as (9) TI internal procurement code X 


S = Standard 
X Special 


Absolute Maximum Ratings (T, = 25°C) 


Operating channel temperature Tn 


Parameter Symbol 
Positive supply voltage Vt 
Negative supply voltage VO 
Power dissipation Poiss 
Mounting temperature (30 seconds) Ty 
Storage temperature Totg 


Value 


0 to —5.0 


30 


4.0 


150 


320 


— 65 to 150 


Units 
volts 
volts 
watts 
°C 
ad 
"G 


Notes 


(1) Operating channel temperature will directly affect the device MTTF. For maximum life, it 
is recommended that channel temperature be maintained at the lowest possible level. 


Recommended Bias Circuit 


Close placement of external components is 
essential to stability. 


- (V*) 
(V~) +6.0 to +8.0 V 
-1.0to -1.5V 
Typical Electrical Characteristics 
(V+ =8V,V~- = -1V, T, = 25°C) 
Parameter Symbol Test Conditions Value Units Notes 
Positive supply current [+ 350 mA 
Average output power at 
1-dB gain compression Pigp 6-18 GHz 26 dBm 
Average power-added efficiency n 6-18 GHz 14% 
Average small-signal gain | So} | 6-18 GHz 8 dB 
Chip thermal impedance 
channel to backside 9CH-B 14.9 °C/W 12 


(1) Chip thermal impedance is greatly affected by eutectic alloy attach methods and is 


approximated for MMICs by measurements on discrete FETs. 


(2) Assumes equal current densities in each FET. 


Typical Output Power at 1-dB Gain Compression 
(Vt =8V,V- = -1V, T, = 25°C) 


E 
ea) 
= 
© 
= 
O 
oO 
6 7 8 9 10 11 12 13 14 19 16 if 18 
Frequency (GHz) 
Typical Small-Signal Gain 
(Vt =8V,V- = -1V, Ty = 25°C) 
10 
9 
8 
7 
aa 6 
ZS 
= o 
© 
O 4 
S 
2 


—_— 


6 7 8 9 10 11 12 13 14 15 16 17 18 


Frequency (GHz) 


Texas Instruments TGA8021 


Monolithic X-Band Low-Noise Amplifier 


Features 


M 25-dB gain and 2.5-dB noise figure from 
9 to 10 GHz 

@ Input and output SWR less than 1.5:1 for 
packaged MMIC 

M Single-ended feedback design minimizes 
die size 


Description 


The Texas Instruments TGA8021 is a monolithic 
low-noise GaAs FET amplifier designed for 
X-band use. The single-ended feedback design 
simultaneously achieves minimum noise figure 
and low input SWR. 


This device is available in either chip form or in 
a hermetically sealed metal and ceramic 
package. The packaged version also contains a 
3-dB pad to improve output SWR while 
maintaining high gain for low overall system 
noise figure. 


The small size and reliability advantages of a 
monolithic amplifier over a hybrid design make 
this device ideal for use in a variety of military 
applications. The bond pads and backside of 
the MMIC are gold plated to be compatible 
with eutectic alloy attach methods and thermo- 
compression and thermosonic wire-bonding 
processes. This MMIC is readily assembled 
using automated equipment. 


Advance Information documents contain 
information on new products in the sampling or 
preproduction phase of development. 
Characteristic data and other specifications are 
subject to change without notice. 
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Device Layout 


2) 
ro) 
= 
oO 

+1 
+ 
D 
2 
on) 


RF Output 


L 0.124+0.003 i 
Units: inches 

Thickness: 0.006 (Ref. only) 

() Bonding pad area 


Circuit Topology 
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Absolute Maximum Ratings (T, = 25°C) 


Parameter Symbol Value Units Notes 


Positive supply voltage Vr 7.0 volts 

Negative supply voltage Vo 0 to -—6.0 volts - 
Power dissipation Poiss 1.5 + watts 

Operating channel temperature Tou 150 °C 1 
Mounting temperature (830 seconds) Ty 320 °C 

Storage temperature Tst¢ —65 to 150 °C 


(1) Operating channel temperature will directly affect the device MTTF. For maximum life, it 
is recommended that channel temperature be maintained at the lowest possible level. 


Package Dimensions 


0.010 R, 3PL 
0.015 R, 4PL 
0.450 
0.020, 2PL 
a 
i 0.120 0.065 + 0.003, 2PL 
0.010 + 0.001 
0.040, 4PL 
0.020 + 0.002, 2PL 
a A 
0.080 
_ Units: inches 


8-20 


Recommended Bias Circuit 


RF Input 


M@ Select V~ to set I+ = 45 mA. 


Typical Electrical Characteristics (Packaged Device) 
(V+ =3V,1I* = 45 mA, T, = 25°C) 


Parameter Symbol Test Conditions Value Units Notes 
Noise figure NF 9-10 GHz 2.5 dB 

Associated gain Gi. 9-10 GHz 25 dB 

Average input/output SWR 9-10 GHz 1.301 _ 
standing-wave ratio 

NF/temperature coefficient 0.01 dB/°C 
Gain/temperature coefficient — 0.023 dB/°C 

Chip thermal impedance OCH-B 47 °C/W 1 


channel to backside 


(1) Chip thermal impedance is greatly affected by eutectic alloy attach methods and is 
approximated for MMICs by measurements on discrete FETs. 
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Gain (dB) 


Noise Figure (dB) 
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Ws 


2 


Typical Gain (Packaged Device) 
(V+ =3V,1I+ = 45 mA, Ty, = 25°C) 


9.4 3.6 


Frequency (GHz) 


Typical Noise Figure (Packaged Device) 
(V+ =3V,I* = 45 mA, T, = 25°C) 


9.4 9.6 


Frequency (GHz) 


9.8 


9.8 


10 


10 


SWR 


Typical SWR (Packaged Device) 
(V+ =3V,I* = 45 mA, Ta = 25°C) 


1.5 
1.4 
1.2 
ee 
~~ a 
aa 
a, ses Sah _-- 
=a, —_ 
12 
Input 
1.1 
9 9.2 9.4 9.6 9.8 10 
Frequency (GHz) 
‘BSI CARS IRS A BGG Ny SINS © aay RES SNIDER LA SR BITE CT A EIN Ta A J aU RIE 0 EAS ER ARS A SO ENR ASSESS: 
Typical Wideband Performance (Packaged Device) 
(Vt =3V, 1+ = 45 mA, T, = 25°C) 
30 


Associated Gain (dB) 


20 


10 


r 8 9 10 11 12 


Frequency (GHz) 


w 
Noise Figure (dB) 


&-23 


8-24 


Frequency (GHz) 
7.0 
75 
8.0 
8.5 
9.0 
9.5 

10.0 
10.5 
11.0 
11.5 
12.0 


Typical S-Parameters (Packaged Device) 


(V+ =3V,1* = 45 mA, T, = 25°C) 


0.71 
0.71 
0.64 
0.36 


0.10 


0.13 


0.09 
0.22 


-— 90 


-175 
126 
99 


ag © Ang 

2.01 112 

4.47 63 
10.02 —1 
16.34 -85 
17.96 -161 
18.39 133 
17.60 71 
16.27 12 
14.18 -—45 
10.13 -93 
10.59 -142 


on" Ang 
0.0 154 
0.0 133 
0.0 98 
0.0 48 
0.0 6 
0.0 —44 
0.0 -—95 
0.01 -136 
0.01 171 
0.01 121 
0.01 174 


~'f87 . 


0.12 ; 


0.13 


a 
0.44 -112 
0.39 -—133 
0.33 -156 
0.26 174 
0.14 119 
0.09 10 
0.15 -69 
0.20 -—127 
0.25 -—179 
0.28 128 
0.32 121 
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Texas Instruments TGA8024 
Monolithic X-Band Dual-Gate Driver Amplifier 


Features 


0.5 watt output power 

Dual-gate for precise output power control 
Good input SWR (1.5:1 for packaged MMIC) 
Well-behaved insertion phase under 

varying bias 

High gain to simplify circuit design 

Better than 25% power-added efficiency 


Description 


The TGA8024 is a GaAs monolithic medium 
power dual-gate driver amplifier intended for 
X-band usage. This device maintains good input 
SWR over the operating frequency range and 
under varying control gate levels. The amplifier 
is a three-stage device, consisting of two 
500-1m FETs driving the 1800-um output FET 
to produce 0.5 watt output power with 30 dB 

of gain. Insertion phase is very well behaved 
over varying gain conditions. 


The amplifier is available in either chip form 
or in a hermetically sealed ceramic and 
metal package. 


The small size and reliability advantage of a 
monolithic amplifier over a hybrid design 

make this device attractive for use in a variety 
of military applications. The bond pads and 
backside of the MMIC are gold plated to be 
compatible with eutectic die attach and thermo- 
compression wire-bonding processes. 

The MMIC is readily assembled using 
automated equipment. 


Advance Information documents contain 
information on new products in the sampling or 
preproduction phase of development. 
Characteristic data and other specifications are 
subject to change without notice. 
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Device Layout 


RF In RF Out 


Size: 0.299 x 0.103 inch 
Tolerance: +0.003 inch 


Circuit Topology 
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Relative Insertion Phase (Degrees) 


Gain (dB) 


Typical Phase and Output Power (T, = 25°C) 
(Packaged Device) 


Gate 2 Voltage (Volts) 


Typical Gain Control Performance (T, = 25°C) 


er 


- 


(Packaged Device) 


20vV  ™- 


Eerie me SF =- = = = 


o.7 


Frequency (GHz) 
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Relative Poyt (dB) 


Absolute Maximum Ratings (T, = 25°C) 


Symbol! Parameter Value Notes 
Vos Drain to source voltage 12.0 volts 

Ves Gate to source voltage 0 to —6.0 volts 

VocG Drain to gate voltage 15.0 volts 

Poiss Power dissipation 5.0 watts 

Tou Operating channel temperature 150°C 1 
Tot¢ Storage temperature — 65°C to 150°C 


(1) Junction operating temperature will directly affect the device MTTF. For maximum life, it 
is recommended that junction temperatures be maintained at the lowest possible levels. 


Package Dimensions (inches) 


0.010 R, 3PL 
0.015 R, 4PL 


0.450 


0.020, 2PL 


41 


0.065 + 0.003, 2PL 
0.010 + 0.001 


0.065 + 0.003, 2PL 


Z 0.040, 6PL 


0.080 


0.020 + 0.002, 2PL 


1 


0.020 + 0.002, 2PL —_ 0.240 _. 


F 
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Typical DC Characteristics 


Test Parameters 
and Conditions Symbol Units Min Max Notes 


Saturated Drain Current 


Vese = 0.5 V 


Pinch-Off Voltage 


Vos = V(Ipss) Vp V 2.0 47 1 
Vese = 0.0 V 

Transconductance 

Vos = Vilpss) 1 
Ves; = 0.0 to -1.0V, Vago = 0.0 V Gui mS 140 370 

Vese = —05to +0.5 V, Vesi = 0.0V Gye mS 120 335 


(1) 0.0 V < V(Ipgs) s 3.5 V, searched for maximum Ips 


Typical Gain Performance (T, = 25°C) 
(Packaged Device) 


Gain (dB) 


8.2 9.7 11.2 


Frequency (GHz) 
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Texas Instruments TGA8035 
Monolithic 6- to 18-GHz Amplifier 


Features 


M 12-dB gain 

M@ 12-dBm output power at 1-dB gain 
compression 

M Size: 0.096 x 0.079 x 0.0045 inch 


Description 


The TGA8035 is a two-stage GaAs monolithic 
amplifier for use as a broadband general- 
purpose gain block. Two 300-um gate width 
FETs provide 12-dB nominal gain and less than 
7-dB noise figure from 6 to 18 GHz. Power 
output is 16 milliwatts at 1-dB gain 
compression. Shunt feedback is used around 
each active device to improve gain flatness and 
SWR. 


The TGA8035 is supplied in chip form and is 
engineered for high-volume automated 
assembly. All metal surfaces are gold plated 
to be compatible with eutectic alloy attach 
methods and thermocompression and 
thermosonic wire-bonding processes. 


Advance Information documents contain 
information on new products in the sampling or 
preproduction phase of development. 
Characteristic data and other specifications are 
subject to change without notice. 
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Device Layout 


RF Input 


0.079 + 0.003 


= Vo1 


- 0.096 + 0.003. - 


Units: inches 
Thickness: 0.0045 (Ref. only) 
Bonding pad area 


Circuit Topology 


U Uo RF Output 
RF Input 
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Absolute Maximum Ratings (T, = 25°C) 


Parameter Symbol Value Units Notes 
Positive supply voltage vr 8.0 volts 

Negative supply voltage VO 0 to —5.0 volts 

Power dissipation Poiss 1.0 watts 

Operating channel temperature Tou 150 ae 1 
Mounting temperature (30 seconds) Ty 320 a & 

Storage temperature Tst¢ — 65 to 150 °C 


(1) Operating channel temperature will directly affect the device MTTF. For maximum life, it 
is recommended that channel temperature be maintained at the lowest possible level. 


Recommended Bias Circuit 


RF Input 
— RF Output 


Close placement of external components is 
essential to stability. 


—-10V 
20 ohm 


1000 pF 1000 pF 
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Typical Output Power at 1-dB Gain Compression 
(Vt =5V,V- = -1V, Ty, = 25°C) 


15 
14 
13 
12 
11 
10 


Power (dBm) 


anno N @od Oo 


6 f 8 9 10 11 12 13 14 15 16 17 18 


Frequency (GHz) 


Typical Small-Signal Gain 
(Vt =5V,V- = -1V, Ty, = 25°C) 


15 
14 
13 
12 
11 
10 


Gain (dB) 


anno N @o Oo 


6 ¢ 8 9 10 11 12 13 14 15 16 1¥ 18 


Frequency (GHz) 
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Typical Noise Figure 
(Vt =5V,V~ = -1V, T, = 25°C) 


10 


Noise Figure (dB) 


Frequency (GHz) 


Small-Signal Impedances 
(V+ =5V,V- = -1V,T, = 25°C) 
A 


Typical Electrical Characteristics 


(Vt =5V,V- = -1V,T, = 25°C) 

Parameter Symbol Test Conditions Value 
Positive supply current [+ 80 
hrereise Output power at 

1-dB gain compression Pap 6-18 GHz 12 
Average noise figure NF 6-18 GHz 6.5 
Average small-signal gain | Sai 6-18 GHz 12 
Chip thermal impedance 

channel to backside 9CH-B 70 


(1) Chip thermal impedance is greatly affected by eutectic alloy attach methods and is 


approximated for MMICs by measurements on discrete FETs. 
(2) Assumes equal current densities in each FET. 


Units 


mA 


dBm 
dB 
dB 


°C/W 


Notes 


8-35 


Texas Instruments TGA8061 
Monolithic 100-MHz to 3.5-GHz 
Low-Noise Amplifier 


Features 

M@ 3-dB bandwidth exceeds 5 octaves 

M 2.4-dB noise figure with low input and output 
SWR 

M 18.0-dB gain 

M@ 15-dBm output power at 1-dB gain 
compression 

M Operates from single 12-volt supply 

M Size: 0.060 x 0.060 x 0.004 inch 


Description 


The TGA8061 is a GaAs monolithic low-noise 
amplifier intended for use as a universal gain 
block in applications requiring simultaneous flat 
gain, low noise figure and low SWR over a very 
wide bandwidth. Three FET stages with 
resistive feedback maintain highly repeatable 
linear phase and amplitude characteristics. 


The high isolation, low SWR and unconditional 
Stability of the TGA8061 make it ideal for 
following or driving mixers and filters. Small 
size and low external parts count simplify 
system design and integration into higher- 
level assemblies. 


Bond pad and backside metallization is gold 
plated for compatibility with eutectic alloy attach 
methods and thermocompression and 
thermosonic wire-bonding processes. 


Advance Information documents contain 
information on new products in the sampling or 
preproduction phase of development. 
‘Characteristic data and other specifications are 
subject to change without notice. 
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Device Layout 


0.060 + 0.003 


RF Input 
RF Output 
(Vour) 
0.060 + 0.003 —— 
Units: inches 
Thickness: 0.004 (Ref. only) 
L] Bonding pad area 
Circuit Topology 
V014 Vte 
a VaDJ 4 
> RF Output 
+ oe 
, NY) cere 7 
FET 1 600 ~m FET 3 
“7 600 um V V 600 um 
V Y, \/ 
S1 


30g 45¢ 60 $120 


R1 R2 R38 R4 Approximate values for R1-R4 (ohms) are shown. 
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Absolute Maximum Ratings (T, = 25°C) 


Parameter Symbol Value Units Notes 
Drain to source voitage Vos 9.0 volts 1 
Gate to source voltage Ves 0 to -6.0 | volts 1 
Drain to gate voltage | Voc 11.0 volte 1 
Positive supply voltage | | vt | 16 | volts 

Bias sonittal vatige 7 : Vapy 0 to 15 volts oO 
Power Dissipation Poss 12 watts 

Operating ened temperature ToH 150° | C 1,2 
Mounting temperature | Ty 320° C 


(30 seconds) 


Storage temperature Tst¢ — 65° to 150° C 


(1) These ratings apply to each individual FET. 


(2) Operating channel temperature will directly affect the device MTTF. For maximum life, it 
is recommended that channel temperature be maintained at the lowest possible level. 


Recommended Bias Circuit 
12 V ¢ 


RF Input 


RF Output 
(Vout) 


M Select Van; to set Voy; = 5.0 + 0.5 V 0.01 uF b 
@ Select resistor R1-R4 to set Vp, = 4.5 4+ O05 V 
M@ Close placement of external components is essential to stability 
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Typical DC Characteristics (T, = 25°C) 


Parameter and 
Test Conditions Symbol Min Typical Max Units Notes 


Saturated Drain Current 


Pinch-Off Voltage 


Ing << 300 pA 
Transconductance 


Gate-Drain Breakdown Voltage 
lng = 500 A \Vsco| 8 V 1 


Gate-Source Breakdown Voltage 
(1) Parameters apply to each individua! FET. 
(2) 0.0 V < Vilpss) = 3.5 V, searched for maximum lps. 


Typical Electrical Characteristics 
(Vt = 12V, T, = 25°C) 


Parameter Symbol Test Conditions Value Units 
Supply Current hy Vout = 5.0 V 112 mA 
Third-Order Intercept IP, Pin = —30 to —10 dBm 
1.0 GHz 26 dBm — 
2.0 GHz 25 dBm 
3.5 GHz 22 dBm 
1-dB Gain Compression Pip 0.1 GHz 15 dBm 
1.0 GHz 16 dBm 
2.0 GHz 16 dBm 
3.0 GHz 14 dBm 
4.0 GHz 12 dBm 
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SWR 


Gain and Noise Figure (dB) 
o 


Typical Wideband Performance 
(Vt = 12 V, Voyr = 5 V, Ta = 25°C) 


Gain 


0.1 OF 03 0.4 0.6 08 1.0 2 3. 4 6 8 10 


Frequency (GHz) 


Typical SWR 
(vt = 12 V, Vout = 5 V, Ta = 25°C) 


Output 


Input 


0.1 0.2 0.3 0.4 06 08 1.0 2 3 4 6 8 10 


Frequency (GHz) 
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Typical S-Parameters 
(V+ = 12 V, Voyr = 5 V, Ta = 25°C) 


Frequency (GHz) S44 S51 S12 Soo 
MAG ANG MAG ANG MAG ANG MAG ANG 
0.1 0.40 -46 7.93 0 0.000 49 029 -3 
0.2 0.26 -44 829 —1 0.001 77 029 -4 
03 0.22 -40 839 -7 0.001 74 029 -5 
0.4 0.21 -36 842 12 0.002 54 029 -7 
0.5 0.21 -37 845 16 0.002 0 029 -8 
0.6 0.21 -41 847 -20 0.001 —54 0.30 -10 
0.7 019 -41 847 —25 0.000 -14 0.30 —11 
0.8 019 -41 846 —29 0.000 64 0.30 —13 
0.9 019 42 847 -33 0.001 107 030 —14 
1.0 018 -42 846 37 0.001 107 0.30 —15 
11 018 -43 848 41 0.001 98 0.30 -16 
1.2 017  -44 847 —45 0.001 111 0.30 -17 
1.3 017 -45 846 —49 0.001 101 029 -19 
14 016 -46 845 53 0.002 105 0.29 -20 
15 016 -47 839 -58 0.002 102 029 -292 
16 016 -49 831 -62 0.002 108 029 -24 
17 016 -52 8.23 -66 0.002 105 028 -26 
18 016 -58 8.20 -69 0.002 104 0.28  -28 
19 016 -65 820 -73 0.002 108 0.28 -31 
2.0 017 -71 8.22 -77 0.002 108 0.28  -34 
2.4 018 -78 822 —81 0.003 105 0.28  -37 
2.2 018 -83 820 -86 0.003 107 028 —41 
23 019 -88 815 90 0.003 106 0.28  —45 
2.4 0.21 —91 8.09 -95 0.003 107 0.29 48 
25 0.22 94 8.01 -99 0.003 107 0.30 —51 
2.6 0.23 -96 7.92 -104 0.003 111 030  —55 
27 0.25  -97 781 —108 0.003 109 0.32 —58 
2.8 0.26 -97 770 -112 0.004 105 032 -60 
2.9 0.27  -97 756 =417 0.004 107 0.34 -62 
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3.0 
3.1 
a9 
a9 
3.4 
3.5 


NOTE: Reference planes for S-parameter data located at center of device bond pads. 
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0.28 
0.29 
0.30 
0.31 
0.32 
0.32 


-97 
-95 
— 94 
-93 
-91 
— 90 


7.44 
f.2o 
7.16 
7.03 
6.88 
6.74 


a 
= 125 
~ 129 
~ 133 
SF 
~141 


0.004 
0.004 
0.004 


0.004 — 


0.005 
0.005 


104 
107 
109 
107 
106 
109 


0.35 
0.36 
0.37 
0.38 
0.39 
0.39 


~64 
~ 65 


- 66 


—67 
-6/7 
-67 


Texas Instruments TGA8220 
Monolithic Distributed 2- to 18-GHz Amplifier 


Features 


@ 0.3-watt output power at 1-dB gain 
compression 

M 2:1 input/output SWR 

M@ Via grounds 

M Size: 0.131 x 0.074 x 0.006 inch 


Description 


The Texas Instruments TGA8220 is a GaAs 
monolithic distributed amplifier which operates 
over the 2- to 18-GHz frequency range. Six 
335-~m gatewidth FETs provide 25 dBm of 
output power at 1-dB gain compression and 
10% power-added efficiency. Small-signal gain 
is typically greater than 4.5 dB with positive 
gain slope across the band. Input return loss is 
typically greater than 10 dB. This medium 
power amplifier is suitable for a variety of 
wideband applications such as distribution 
networks, logging stages, and oscillator buffers. 
The TGA8220 is also cascadable with the 
Texas Instruments TGA8300 and/or TGA8622. 


Bond pad and backside metallization is gold 
plated for compatibility with eutectic alloy attach 
methods as well as thermocompression and 
thermosonic wire-bonding processes. The 
TGA8220 is available in chip form and is readily 
assembled using automated equipment. 


Advance Information documents contain 
information on new products in the sampling or 
preproduction stage of development. 
Characteristic data and other specifications are 
subject to change without notice. 
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Device Layout 


RF Input 


ao 


N 
io) 
o 
=) 
Lg 
N 


° 
co) 


— 0.131 +0.002 


Units: inches 
Thickness: 0.006 (Ref. only) 
[] Bonding pad area 


Circuit Topology 


vt 
° RF Output 


RF Input o4H{_] 
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Absolute Maximum Ratings (T, = 25°C) 


Parameter Symbol Value Units Notes 
Positive supply voltage vt 9.0 volts 

Negative supply voltage Vo 0 to -—5.0 volts - 
Power dissipation Poiss 4.8 watts 1 
Operating channel temperature Toy 150 a & 2 
Mounting temperature (30 seconds) Ty 320 a © 

Storage temperature Tot¢ = 65 to 150 °C 7 


(1) Power devices should be mounted using alloy, as specified in the Texas Instruments 
Recommended Assembly Instructions for GaAs Products. 


(2) Operating channel temperature will directly affect the device MTTF. For maximum life, it 
is recommended that channel temperature be maintained at the lowest possible level. 


Recommended Bias Circuit 


ur 


RF choke 


-L—o RF Output 


RF Input Cdlock 


25 ohms 


0.01 ee 


MM Measuring Ipss: Short V~ to ground. Increase V+ from 0 V and measure | t 
maximum for V+ < 2 V. I* maximum is Ipgg. 

™@ RF connections: Bond using three 1.0-mil diameter, 10 to 15-mil length gold bond wires at 
both input and output. 

M@ Close placement of external components is essential for stability. 
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Typical Performance 
(V+ = 8V, IF = 50% Ings, Ta = 25°C) 


Output Power at 1-dB Gain Compression 
4 


€ 
is 
‘ 10 
g = 
co) 9 c 
Oo ‘© 
3 , © 
i 
6 7 
Small-Signal Gain 6 
5 
4 
5 6 7 8 9 10 11 #12 13 #14 #15 16 17 #18 
Frequency (GHz) 
Typical Return Loss 
(Vt = 8V,1* = 50% Ings, Ta = 25°C) 
0 
5 Output 
10 = _ 
~ _ —_ 
aa) ~~ -2 \ ve 
= 5 = A \ 
3 ~ 7 \ 
t 20 \ ’] ‘ 
| oa 
= Input \N 4 
= 25 “ 
a 
30 
35 
40 
5 6 Ff 8 9 10 11 12 138 14 15 16 17 #18 
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Frequency (GHz) 


Frequency (GHz) 


2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 
10.0 
11.0 
12.0 
13.0 
14.0 
15.0 
16.0 
17.0 
18.0 


(V+ = 8V,I+ = 50% Ipgg, Ty = 25°C) 


S44 
MAG ANG 
0.37 —139 
0.26 -178 
0.21 152 
0.16 128 
0.13 120 
0.10 125 
0.12 139 
0.17 136 
0.22 124 
0.28 103 
0.32 78 
0.30 53 
0.26 30 
0.20 14 
0.14 -4 
0.01 29 
0.21 104 


Typical S-Parameters 


So; 
MAG ANG 
1.74 123 
168 98 
162 74 
162 52 
1.72 28 
180 0 
182 —29 
1.74 -—56 
1.74 -81 
1.82 —106 
1.95 —134 
1.97 —167 
1.97 163 
2.00 134 
214 103 
229 68 
234 27 


S42 
MAG ANG 
0.010 43 
0.012 24 
0.015 10 
0.018 -6 
0.022 -26 
0.027 -54 
0.029 -84 
0.029 — 108 
0.031 -127 
0.038 — 144 
0.047 — 169 
0.054 164 
0.058 136 
0.061 114 
0.071 87 
0.087 55 


0.098 16 


Soo 
MAG ANG 
0.33 174 
0.38 157 
0.41 134 
0.37 107 
031 74 
0.21 20 
0.16 -63 
0.22 -129 
0.26 —156 
0.25 142 
014 91 
0.05 —-7 
0.13 -143 
0.22 152 
0.24 128 
016 95 
010 53 


NOTE: Reference planes for S— parameters include bond wires, as specified in the 
Recommended Bias Circuit. 
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Typical Electrical Characteristics 


(V+ = 8V, I+ = 50% Ingg, Ta = 25°C) 


Parameter Symbol Test Conditions Value Units 
Positive supply current [+ Vt =8V 320 mA 
Output power at Pius 2 GHz 27 dBm 
1-dB gain compression 6 GHz 27 dBm 
12 GHz 27 dBm 
18 Giz 24 dBm 
Output third-order IP., 2 GHz 36 dBm 
intercept 6 GHz 38 dBm 
12 GHz 40 dBm 
18 GHz 37 dBm 
Noise figure NF 2 GHz 8.0 dB 
6 GHz 7.6 dB 
12 GHz 7.4 dB 
18 GHz 8.2 dB 


NOTE: DC specification limits available upon request. 


Texas Instruments TGA8226 
Monolithic 2- to 6-GHz Amplifier 


Features 


13.5-dB gain 

17-dBm output power at 1-dB gain 
compression 

5.5-dB noise figure 

Operates from single 15 V supply 
Size: 0.058 x 0.073 x 0.006 inch 


Description 


The Texas Instruments TGA8226 is a self- 
biased distributed amplifier which operates from 
a single 15 V supply or a 12 V supply at 
reduced output power. Four 457-um FETs 
produce a typical gain greater than 13.5-dB, 
with input and output SWRs less than 2:1. 
Direct cascading without additional components 
is possible by using the on-chip blocking 
Capacitors. 


Bond pad and backside metallization is gold 
plated for compatibility with eutectic alloy attach 
methods as well as thermocompression and 
thermosonic wire-bonding processes. The 
TGA8226 is available in chip form and is readily 
assembled using automated equipment. 


Advance Information documents contain 
information on new products in the sampling 
or preproduction phase of development. . 
Characteristic data and other specifications 
are subject to change without notice. 
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Device Layout 


RF Output (DC blocked) 
RF Output (DC coupled) 


N 
=) 
© 
© 

+| 
40) 
N 
o 
© 


RF Input (DC blocked) 
RF Input (DC coupled) — 


Ver 
Units: inches 4 
Thickness: 0.006 (Ref. only) ) i 
[] Bonding pad area a — 0.058 + 0.002 - 
Recommended Bias Circuits 
DC Blocked Bias Circuit DC Coupled Bias Circuit 
RF Output 
RF Output 
RF Input 
RF Input 
015 V 015 V 


™@ RF connections: Bond using one 0.7-mil diameter, 15-mil length gold bond wire at both 
input and output. 
M@ Close placement of external components is essential to stability. 
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Circuit Topology 


Ae RF O 
utput 
ed (DC blocked) 
, RF Output 
(DC coupled) 
v FET 4 
FET 3 457um 
457um 


RF Input yi 
(DC blocked) L 


RF Input . | yt 
(DC coupled) A 


Absolute Maximum Ratings (T, = 25°C) 


Parameter Symbol Value Units Notes 
Positive supply voltage vr 17.0 volts 

Power dissipation Poiss i 1.9 watts 

Operating channel temperature Tou 150 a © 1 
Mounting temperature (30 seconds) Ty 320 °C 

Storage temperature Tot¢ — 65 to 150 °C 


(1) Operating channel temperature will directly affect the device MTTF. For maximum life, it 
is recommended that channel temperature be maintained at the lowest possible level. 
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Typical Small-Signal Performance 
(V+ = 15 V, T, = 25°C, DC Coupled Bias Circuit) 


18 
17 Gain 
16 
15 
14 
13 _ 
12 oe 
aa) 7) 
co 10 2 
c 9 S 
oe 8 = 
GO = 
6 r 
5 
4 
3 
2 
1 
0 
0.5 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 
Frequency (GHz) 
Typical Wideband Performance 
(V+ = 15 V, T, = 25°C, DC Coupled Bias Circuit) 
20 | | 12 
19 Output Power at 1-dB Gain Compression 
11 
10 
- a 
& a 
co o) 
“ 2 
be D 
g iL 
® 
g g 
rd 


2.0) 
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3.0 


Noise Figure 


4.0 2.0 6.0 70 8.0 


Frequency (GHz) 


9.0 


myo wo fF Aa Dd N CO CO 


10.0 


Power (dBm) 


Input Return Loss (dB) 


Performance as a Function of Bias Supply Voltage (V*) 


and Bonding Configuration 


Output Power at 1-dB Gain Compression 
(T, = 25°C) 


3 4 2 6 7 8 9 10 05 1 
Frequency (GHz) 


input Return Loss 
(Vt = 15 V, T, = 25°C) 


Output Return Loss (dB) 
oe) Ww Ae) Ae) — = 
a Oo nn Oo on © oO a 


a 
(@) 


1 2 3 4 5 6 Ff 8 Y 10 05 1 
Frequency (GHz) 


KEY: 


DC coupled bias circuit using external DC blocks. 


DC blocked bias circuit using on-chip 5 pF capacitors 


Small-Signal Gain 
(T, = 25°C) 


3 4 5 6 7 
Frequency (GHz) 


Output Return Loss 


(Vt = 15 V, T, = 25°C) 


3 4 5 6 7 
Frequency (GHz) 


8 
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9 


10 


Frequency (GHz) 


- 137 


— 100 


Typical S-Parameters 
(V+ = 15 V, T, = 25°C, DC Coupled Bias Circuit) 


| So; | (dB) 


8.3 
10.5 


0.002 


: — 156 


10.0 


NOTE: Reference planes for S-parameters include bond wires, as specified in the 
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S44 
MAG ANG 
016 -13 
0.16 -30 
0.16 -50 
015 -73 
0.14 
0.14 —127 
0.14 —147 
0.16 -168 
017 177 
0.18 160 
018 151 
019 142 
019 132 
017 118 
012 90 
0.09 -29 
0.37 -106 
0.65 
0.72 170 
0.70 149 


So4 
MAG ANG 
2.60 22 
3.33 -4 
3.85 -26 
434 -47 
4.78 -69 
5.07 -93 
5.10 —116 
5.06 
5.03 -158 
5.00 —178 
5.00 162 
5.03 142 
5.08 122 
5.23 101 
5.58 79 
6.17 52 
6.65 16 
5.55 —-27 
3.75 -60 
254 -82 


Recommended Bias Circuits. 


S12 
MAG ANG 
0.000 20 
0.000 117 
0.001 128 

128 
0.004 122 
0.006 111 
0.009 87 
0.008 64 
0.007 57 
0.008 52 
0.009 37 
0.009 19 
0.008 -1 
0.009 -28 
0.011 -60 
0.015 -97 
0.021 —139 
0.023 178 

147 
0.017 129 


S90 
MAG ANG 
0.17 165 
0.18 127 
0.19 101 
0.20 80 
0.19 64 
0.19 51 
0.18 39 
0.16 28 
0.14 18 
0.12 9 
0.09 0 
0.06 -6 
004 =2 
0.03 17 
0.04 14 
0.06 -16 
0.09 -75 
0.12 -135 
012 =175 
0.11 164 


0.020 


Typical Electrical Characteristics 
(V+ = 15 V, T, = 25°C, DC Coupled Bias Circuit) 


Parameter Symbol Test Condition Value Units 
Positive supply current [* Vt =15V 68 mA 
Noise figure NF 2 GHz 5.8 dB 
4 GHz 5.4 dB 
6 GHz 4.9 dB 
Output power at Pup 2 GHz 16.4 dBm 
1-dB gain compression 4 GHz 17.5 dBm 
6 GHz 17.8 dBm 
Output third-order IP. 2 GHz 26.3 dBm 
intercept 4 GHz 27.9 dBm 
6 GHz 27.0 dBm 


NOTE: DC specifications available upon request. 
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Texas Instruments TGA8&300 
Monolithic 2- to 18-GHz Amplifier 


Features 

M 18-dBm typical output power at 1-dB gain 
compression 

M 6.5-dB gain 

M@ Input and output SWR less than 2:1 

M Size: 0.093 x 0.064 x 0.006 inch 

M Recessed 1/2-um gate structure 


Description 


The Texas Instruments TGA8300 is a GaAs 
monolithic distributed amplifier designed for use 
as a very broadband general-purpose gain 
block. Four 189-um gate width FETs provide 
6.5-dB nominal gain and less than 7-dB noise 
figure from 2 to 18 GHz. Typical power output 
is 18 dBm at 1-dB gain compression. Input and 
output SWRs are less than 2:1. 


The TGA8300 is supplied in chip form and is 
engineered for high-volume automated 
assembly. All metal surfaces are gold plated to 
be compatible with thermocompression and 
thermosonic wire-bonding processes. 


Advance Information documents contain 
information on new products in the sampling or 
preproduction phase of development. 
Characteristic data and other specifications are 
subject to change without notice. 
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Device Layout 


- 0.093 + 0.003 4 


Units: inches 
Thickness: 0.006 (Ref. only) 
[] Bonding pad area 


Circuit Topology 


Vt ¢€ 


RF Input ¢ 
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Absolute Maximum Ratings (T, = 25°C) 


Parameter Symbol Value Units Notes 


Positive supply voltage vr 8.0 volts 
Negative supply voltage a VO 0 to —5.0 volts 
Pines dissipation Poiss 1.0 watt 
Operating channel temperature Tou 150° C 1 - 
Mounting temperature (30 seconds) Ty oe" C _ 
Storage temperature TotG —65° to 150° C 7 


(1) Operating channel temperature will directly affect the device MTTF. For maximum life, it 
is recommended that channel temperature be maintained at the lowest possible level. 


Recommended Bias Circuit 


6 V 
20 ohms 


150 “ 


RF Output a) 


20 ohms 


150 a. 


Close placement of external components is essential to stability. 


»-1V 


| RF Input 
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Typical Output Power at 1-dB Gain Compression 
(Vt =6V,It = 50% Ings, Ta = 25°C) 


26 
24 
Ze 
20 
18 
16 
14 
12 


Power (dBm) 


Gain (dB) 


10 


Oo NM FF DD &W 


2 4 6 8 10 12 14 16 18 


Frequency (GHz) 


Typical Small-Signal Gain 
(Vt =6V, It = 50% Ings, Ta = 25°C) 


_ eo & =e 
er - ~~" — | 


y 4 ean 


2 4 6 8 10 12 14 16 18 


Frequency (GHz) 
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Typical Noise Figure 
(vt = 6 V, i+ = 50% loss: Ta = 25°C) 


Noise Figure (dB) 


2 “ 6 8 10 12 14 16 18 


Frequency (GHz) 


Typical DC Characteristics (T, = 25°C) 


Parameter and 
Test Conditions Symbol Min Typical Max Units Notes 


Saturated Drain Current 


Pinch-Off Voltage 


Ing. «== 500 LA 
Transconductance 


Gate-Source Breakdown Voltage 


Gate-Drain Breakdown Voltage 
log = 0.75 mA lVsco| «6 V 1 


(1) DC data measured with four 189-um FETs in parallel. 
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Frequency (GHz) 


2.0 
3.0 
4.0 


Typical S-Parameters 


(V+ = 6V,I*+ = 50% Ipgg, Ta = 25°C) 


S; 
MAG 
0.02 
0.03 
0.04 


2 

ANG 
95 
57 


0.29 —-92 , 


5.0 
6.0 
7.0 
8.0 
9.0 
10.0 
11,0 
12.0 
13.0 
14.0 
15.0 


0.04 
0.05 
0.06 
0.07 
0.08 
0.09 
0.10 
0.11 
0.11 
0.11 
0.11 


27 

-2 
~ 30 
_57 
~ 82 
~ 108 
~ 134 
~ 156 
~ 180 
155 
128 


0.16 — 94 ' 


16.0 


0.12 


96 
62 


0.11 — 66 


17.0 
18.0 


S44 
MAG ANG 
011 -99 
0.09 -148 
0.06 -146 
0.09 -120 
0.13 -128 
015 —145 
013 -154 
010 —137 
019 -96 
010 -119 
0.14 -148 
0.141 -175 
0.04 125 
0.07 -18 
013  -56 
019 -23 


Soy 
MAG ANG 
1.09 lag 
2.05 124 
ee 94 
2.16 64 
2.18 37 
2.16 9 
217 —17 
2.22 -45 
2.21 -73 
2.28 -102 
2.20 -129 
2.19 -—157 
2.18 145 
ra 145 
e.1F 114 
221 82 
2.37 41 


0.14 
0.18 


28 
* 


S20 
MAG ANG 
0.14 —21 
0.29 -76 
0.26 - 95 
0.25 — 92 
0.24 —91 
0.21 — 93 
0.16 — 93 
0.15 — 61 
0.09 —51 
0.15 — 30 
0.20 — 45 
0.20 — 69 
0.10 -—118 
0.04 — 82 
0.18 — 58 


NOTE: Reference planes for S-parameter data located at center of device bond pads. 


Typical Electrical Characteristics 


(V+ =6V, I+ = 50% Ings, Ta = 25°C) 


Test Conditions 


Parameter Symbol 
Third-Order Intercept IP, 
Standing-Wave Ratio 

Maximum Input SWR 


Maximum Output 


8 GHz 
12 GHz 
18 GHz 


2-18 GHz 
2-18 GHz 


Value 


32 
28 
ar 


1.531 
1.9:1 


Units 


dBm 
dBm 
dBm 
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Texas Instruments TGA8622 


Monolithic 2- to 20-GHz 
Dual-Gate Distributed Amplifier 


Features 


@ 7.5-dB gain with greater than 
30-dB gain control capability 

M 20-dBm output power at 1-dB gain 
compression 

M@ 7-dB noise figure 

M Input and output SWR less than 2.3:1 over 
entire control range 


Description 


The Texas Instruments TGA8622 is a 
broadband general-purpose amplifier which 
operates over the 2- to 20-GHz frequency 
range. Six 200-um dual-gate FETs provide the 
amplifier with a typical gain of 7.5 dB, while 
maintaining input and output SWRs of less than 
2.3:1. This amplifier is directly cascadable, and 
can be used in both gain control and active 
temperature compensation applications. 


The TGA8622 is available in chip form and is 
readily assembled using automated equipment. 
The device bond pads and backside are gold 
plated for compatibility with eutectic alloy attach 
methods as well as thermocompression and 
thermosonic wire-bonding processes. 


Advance Information documents contain 
information on new products in the sampling or 
preproduction phase of development. 
Characteristic data and other specifications are 
subject to change without notice. 
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a 
= 
= 
O 
LL. 
Cc 


Vt 


Device Layout 
0.109 + 0.002 


c00'0 + S800 


VcTRL 
RF Input 


Thickness: 0.006 (Ref. only) 


[J] Bonding pad area 


Units: inches 


Circuit Topology 


. V ok 


> 
= 
= 
O 
LL 
oc 
al 
a 


VcTRL « 
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Absolute Maximum Ratings (T, = 25°C) 


Parameter Symbol Value Units Notes 
Positive supply voltage "i 8.0 volts 

Negative supply voltage Vo Oto —5.0 volts 1 
Gain control voltage VoTRL —5.0 to 4.0 volts 2 . 
Power dissipation Poiss 12 watts 

Guero channel eninaratuie Teas 150 a © | 3 
Mounting temperature (30 seconds) Ty 320 °C 

Storage temperature a - 65 to 150 °C : 


(1) OV < (V+ —~ V-) < 10V 
QOV=< WF — Ve) = 10V 


(3) Operating channel temperature will directly affect the device MTTF. For maximum life, it 
is recommended that channel temperature be maintained at the lowest possible level. 


Recommended Bias Circuit 


6V 0.01 uF 


VTAL 


RF Input RF Output 


0.01 uF ss 


M RF Connections: Bond using two 1-mil diameter, 20-mil length gold wires at both input 
and output. 

M Measuring Insc: Set V~, V+, and Verp, to 0 V. Connect Vora, to Vt. Short V~ to 
ground. Increase V*, Vcer_, from 0 V and measure |*+ maximum for V+, Vora, <= +4 V. 
I+ maximum is Ipgc. 

™ Maximum-Gain Bias: In this sequence, set V~ to -1 V, Vt to +6 V, and Vozp, to 
+1.5 V. Adjust V~ to achieve 1+ = 50% Ingo. 

M@ Gain Reduction: Set bias for maximum gain condition and decrease Vor, from +1.5 V. 
(1+ will drop accordingly; do not readjust V~.) 
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Typical Electrical Characteristics 
(Vt = 6V, 1+ = 50% Ings, Veta, = +1-5 V, Ta = 25°C) 


Parameter Symbol Test Conditions Value Units 
Positive supply current [+ 50% Ings 150 mA 
Average small-signal gain | So} | 2 GHz 8 dB 
10 GHz 8 dB 
18 GHz 7 dB 
20 GHz 6 dB 
Input/output SWR 2 GHz 1.571 
standing-wave ratio 10 GHz 1.551 
18 GHz Lo 
20 GHz ee og 
Noise figure NF 2 GHz 6.5 dB 
10 GHz Ga dB 
18 GHz 7.6 dB 
20 GHz 35 dB 
Output power at Piap 2 GHz 20.5 dBm 
1-dB gain compression 10 GHz 21.0 dBm 
18 GHz 19.0 dBm 
20 GHz 16.0 dBm 
Output third-order IP, 2 GHz 33.5 dBm 
intercept 10 GHz 33.0 dBm 
18 GHz 30.5 dBm 


NOTE: DC specification limits available upon request. 
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Typical Small-Signal Gain 


o =~ 2 = ese Se em elle 


Gain (dB) 
NO wo > (on) oO) ~N CO OO io) 


Frequency (GHz) 


Typical Voltage-Controlled Gain Response 
(Vt =6V, T, = 25°C) 


Gain (dB) 


Frequency (GHz) 


NOTE: Vora, and!* for particular gain levels are shown for reference only and may vary 
from device to device. 
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SWR 


Noise Figure (dB) 


Typical SWR 
(Vt = 6V,1* = 50% Ings, Vera, = +1-5 V; Ta = 25°C) 


3 
2.0 

2 4 

# 
Input 
- os 4 - os 
* a Output 
“a. = --" ° 
{ 
4 6 8 10 12 14 16 18 20 
Frequency (GHz) 
{SURI PRRs Gs EA a TIS TE SIS eS UD i ee CCI OSG RR RE I STN PRA 0 HE NB ES Sp RSE GOT DE MS EN LR BO NN RS DNs CA 
Typical Noise Figure 
(Vt =6V, Ty, = 25°C) 

15 

14 VCTRL 
14 (volts) 
12 o—0.6 
11 nm @ 

10 -- = 

9 - = =~ -” 

& =o +1.5 

8 eee = wW- oem * 

7 . 

6 

5 

4 

3 

2 

1 

0 

4 6 8 10 12 14 16 18 20 


Frequency (GHz) 
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Power (dBm) 
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Typical Output Power at 1-dB Gain Compression 


(Vt =6V, T, = 25°C) 


VCTRL 
(volts) 


+1.5 


10 12 14 16 18 20 


Frequency (GHz) 


Texas Instruments TGDO600 Series 


GaAs Schottky-Barrier Mixer Diodes 


Features 


M@ Broadband performance from VHF to 
100 GHz 

M Less than 7-dB conversion loss from 32 
to 90 GHz 

M Rugged, Symmetrical, Hermetic Package 


Description 


The Texas Instruments TGDO600 Series 
consists of millimeter-wave mixer diodes with 
broadband performance to 100 GHz. The low 
junction capacitance and low series resistance 
make the TGDO600 Series ideal for mixers and 
frequency multipliers, as wel! as video and 
doppler detectors. 


These diodes are temperature cycled from 
—55°C to 125°C for 10 cycles in accordance 
with MIL-STD-202, Method 107, Condition B, 
and are burned in for 48 hours at 125°C. 


The TGDO600 series is available in a 
hermeticaliy sealed ceramic package with 
low parasitics, and is capable of meeting 
requirements for space qualification. 


Advance Information documents contain 
information on new products in the sampling 
or preproduction phase of development. 
Characteristic data and other specifications 
are subject to change without notice. 
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Anode 


Units: inches 
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Package Layout 


0.040 + 0.003 | Gold-Plated 
7 End Caps 


Cathode 


0.019+0.001 . 
Ceramic 


Simplified Packaged Diode Model 


Anode 


Cathode 


Absolute Maximum Ratings (T, = 25°C) 


Part Number 
Parameter Symbol TGDO0653/ TGD0654/| TGD0623| TGD0624 | TGD0683 Units 


Operating case Top — 55 to 100 og 
temperature 


Storage temperature Tst¢ — 55 to 100 °G 


Soldering case To 150 ms 
temperature 


Typical Model Parameters (T,. = 25°C) 


Part Number 
Parameter and 


Test Conditions Symbol] TGD0653/} TGD0654| TGD0623| TGD0624/| TGD0683) Units Notes 
Junction Capacitance 


C, 0.04 0.04 0.03 0.03 0.012 | pF 
Va = OV, f = 1 MHz 
Parasitic Capacitance Cp 0.045 pF 
f = 1 MHz 


Forward Characteristic 

Exponential Slope n Liz 1.15 1 
Factor 

le = 50 pA 


Series Resistance Ro a 4 5 5 ohms 1 


(1) These parameters determined by applying a 1-kKHz square-wave modulating current 
to the diodes. 
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Typical Electrical Characteristics (T,. = 25°C) 


Part Number 


TGDO0653) TGD0654| TGD0623/ TGD0624| TGD0683) Units Notes 


Parameter and 
Test Conditions 


Symbol 


Maximum Conversion Le 
Loss 


fae = 32 GHz 
fie = 0.75+0.25 GHz 


fae — 60 GHz 
fie = 0.75+0.25 GHz 


far = 90 GHz 


(1) These parameters measured at Ie = 5 mA and P,o = 5 mW. 


TGDO600 Series 
Standard Environmental Screening 


@ Burn in: 48 hours at 125°C, Ir = 10 mA, Vp = 3 V, f = 60 Hz. 
M Temperature cycled: 10 cycles, —55°C to 125°C in accordance 

with MIL-STD-202, Method 107, Condition B. 
M@ Capable of meeting requirements for space qualification. 
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|- — Maximum Forward Current — mA 


TGDO653, TGD0654, TGD0623, TGD0624 


25 


20 


15 


10 


Current Derating Curve 


25 50 75 100 


Tc — Case Temperature — °C 


125 


|- — Maximum Forward Current — mA 


TGDO0683 
Current Derating Curve 


25 


20 


15 


10 


0 25 50 75 100 [Pee 


Tc — Case Temperature — °C 
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Texas Instruments TGF1350 
Low-Noise Microwave GaAs FET 


Features 


1.5-dB noise figure with 11-dB associated 
gain at 10 GHz 

2.2-dB noise figure with 7-dB associated 
gain at 18 GHz 

All-gold metallization 

Recessed 1/2-um gate structure 

Siz3N, channel passivation 


Description 


The Texas Instruments TGF1350 is a 1/2-~m 
recessed single-gate FET designed for low-noise 
applications to 18 GHz. 


The bond pads and backside of this device are 
gold to be compatible with eutectic alloy attach 
methods and thermocompression and 
thermosonic bonding processes. This device is 
readily assembled using automatic equipment. 


This device is also available in a metal/ceramic 
hermetically sealed package. Military screening 
is available on packaged devices. 


Advance Information documents contain 
information on new products in the sampling or 
preproduction phase of development. 
Characteristic data and other specifications are 
subject to change without notice. 
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0.014+0.003 


Device Layout 


———— re 0.018 + 0.003 cae 


Units: inches 


Thickness: (0.004) 


L] Bonding pad area 
NOTE: Dimensions in parentheses are for reference only. 


Units: inches 


(™ 


Poo80" |. 


0.070 


S 


Package Dimensions 


0.020 


0.030 
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Parameter 


Re 


Typical Model Parameters (Chip) 


Value 


3.15 


FET Model (Chip) 


Rp 


Cos 


0.014 


Standard Deviation Units 
0.59 ohms 
7 0.48 ohms 
0.71 ohms 
v1 mS 
92 ohms 
Typical iin 
Typical pF 
Typical pF 
Typical oF 
Typical pF 
Typical oe ps : 
Typical — nH 


Absolute Maximum Ratings (T, = 25°C) 


Parameter Symbol Value Units Notes 


Drain to source voltage Vos 8.0 volts 
Gate to source voltage Ves 0 to —-5.0 volts 
Power dissipation Poiss 0.7 watt 
Operating channel temperature Tou 150 °C 1 
Mounting temperature (30 seconds) Ty 320 as ® 
Storage temperature Totc — 65 to 150 i 


(1) Operating channel temperature will directly affect the device MTTF. For maximum life, it 
is recommended that channel temperature be maintained at the lowest possible level. 


Typical DC Characteristics (T, = 25°C) 


Parameter Symbol Min Typical Max Units 
Saturated Drain Current loss 30 50 100 mA 
Pinch-Off Voltage | Vp| 0.5 tz 4.0 V 
Tievietwachisisncs Gy 40 50 mS 
Gate-Source Breakdown Voltage | Vecs| 5.0 V 


Gate-Drain Breakdown Voltage | seu 6.0 V 
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MAG or MSG (dB) 
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Parameter Symbol 


Minimum 

Noise 

Figure NF win 
Associated 

Gain Ga 


Typical Electrical Characteristics 
(Vos = 3 V; Ipg = 15 MA, Ty = 25°C) 


Test Conditions 


4 GHz, opt = 0.56/78° 
R, = 0.28 

10 GHz, loot = 0.51/169° 
R, = 0.14 

16 GHz, opt = 0.36/- 131° 
R, = 0.07 

18 GHz 

4 GHz 

10 GHz 

16 GHz 

18 GHz 


(1) V oot determined for packaged devices only. 


Maximum Gain 
(Vps = 3-0 V, Ipg = 15 mA, Ty = 25°C) 


Chip Package 


P= 


ue 


11 


Le 


1.9 


2.4 


16 
10 


Units 
dB 
dB 
dB 
dB 
dB 
dB 


dB 
dB 


Notes 


1 


Frequency (GHz) 


== MoG 


MAG 


Typical S-Parameters (Chip) 
(Vos = 3 V, los = 15 mA, Ta = 25°C) 


Frequency (GHz) S44 S; S12 Soo 
MAG ANG MAG ANG MAG ANG MAG _ ANG 
2.0 0.98 -28 322 157 0.03 75 «O71 42 
25 0.96 -36 317 151 0.04 71 O71 ~414 
30 0.93 44 3.07 146 0.04 68 0.71 ~414 
3.5 0.93 -51 299 141 0.05 6 069 -16 
4.0 0.90 -56 288 137 0.05 62 0.68 ~17 
45 0.89 -~60 278 133 0.05 61 0.68 ~19 
5.0 0.88 -64 273 129 0.06 60 0.67 24 
5.5 0.87 -67 265 125 0.06 58 0.66 ~ 28 
6.0 0.85 -70 255 121 0.06 56 0.66 ~ 30 
6.5 0.83 -74 246 118 0.06 55 0.66 31 
7.0 0.82 -77 236 116 0.06 54 0.66 ~ 92 
75 0.82 -80 228 113 0.06 540.66 ~ 32 
8.0 0.81 -82 222 110 0.06 53 066 -33 
8.5 0.81 -85 215 107 0.06 520.65 ~34 
9.0 0.80 -88 212 104 006 £51 #065 _ 38 
95 0.79 -92 208 101 0.6 510.65 ~ 40 
10.0 0.78 -~96 2.05 98 0.06 51 0.65 ~ 43 
10.5 0.78 -99 202 95 0.06 50 0.65 ~ 45 
11.0 0.77 -103 2.0 92 0.06 48 0.65 ~ 48 
11.5 0.78  -106 1.96 88 0.06 46 0.65 51 
12.0 0.77. -110 1.90 84 0.06 44. 0.65 54 
12.5 0.77 -114 1.84 81 0.06 42 0.64 56 
13.0 076 -117. 1.79 79 0.06 39 «(0.64 ~58 
13.5 0.75  -120 1.74 76 0.06 37. «0.64 ~60 
14.0 0.75  -123 1.69 73. 0.07 35 0.64 ~64 
14.5 0.74 -125 1.64 69 0.07 32 0.64 ~69 
15.0 0.74 -128 1.56 65 0.07 29 0.65 -74 
15.5 0.74 -131 1.49 61 0.07 25 «0.66 ~78 
16.0 0.73 -133 1.43 59 «0.08 23. «(0.65 ~ 81 
16.5 072 -136 1.38 57 0.08 210.65 aft 
17.0 073 -139 1.36 54 0.08 21 «0.66 ~81 
17.5 0.73 -140 1.31 52 0.09 22 ~©=—«0.66 _ 82 
18.0 074 -142 1.26 50 0.09 22 ~=—«0.66 ~ 83 


NOTE: Reference planes for S-parameter data located at center of gate and drain bond pads. 
Six 0.7 mil diameter wires, approximately 13 mils long, are bonded from the center 
of the source pads to ground. 
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Frequency (GHz) 


2.0 
2.5 
“SO 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 


6.5 


0.79 — 124 


7.0 

res 

8.0 

8.5 

9.0 

9.0 
10.0 
10.5 
130 
11.3 
12.0 
12.5 
13.0 
13.5 
14.0 
14.5 
15.0 
15.5 
16.0 
16.5 
17.0 
17S 


18.0 


NOTE: Reference planes for S-parameter data located at outer package wall. 


Typical S-Parameters (Packaged Device) 
(Vos = 3 V; Ipg = 15 MA, Ty = 25°C) 


ee 46 


S41 
MAG ANG 
096  -47 
0.93 257 
0.91 ~ 68 
0.88 7 
086 85 
084 -94 
083 -102 
082 -110 
080 -117 
0.77. —131 
0.76 138 
0.75 144 
0.74 —150 
0.72 157 
0.71 163 
069 -169 
067 -175 
0.66 179 
0.65 174 
0.64 168 
0.63 162 
0.63 155 
0.61 149 
0.61 141 
0.59 134 
0.57 126 
0.56 119 
0.53 111 
0.53 103 
0.51 95 
0.50 87 
0.49 78 


So1 
MAG ANG 
3.62 138 
3.49 129 
He 119 
3.18 111 
3.05 102 
2.93 95 
2.82 87 
2.70 79 
2.60 f2 
2.49 65 
2.39 58 
2! 52 
2.21 39 
2.14 33 
2.10 26 
2.06 19 
2.00 13 
1.96 6 
1.90 0 
1.87 —6 
1.85 -12 
182 18 
1.80 -25 
lf? — 32 
17f — 37 
1.4/3 — 45 
1.72 —51 
1.72 —57 
sO —65 
1.67 -71 
1.63 —78 
1.66 — 86 


S42 
MAG ANG 
0.04 57 
0.04 50 
0.05 42 
0.05 37 
0.06 32 
0.06 27 
0.06 23 
0.06 18 
0.06 13 
0.07 10 
0.07 4 
0.07 2 
007. 4-2 
007 -4 
0.07 -7 
0.07 -8 
0.07  -10 
0.07  —11 
0.07 -15 
0.07 -16 
0.07 -16 
0.07 20 
0.07 24 
0.07 -27 
0.08  -27 
0.08 30 
0.07 -32 
0.08 33 
0.08 -42 
0.09 —44 
0.09 -50 
0.09 —54 
0.09 —-61 


Typical S-Parameters (Packaged Device) 
(Vos — ae V, lps = 50% loss: Ta = 25°C) 


Frequency (GHz) 


2.0 
25 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
65 


4.68 135 


0.04 44 


0.74 — 133 


7.0 
pe 
8.0 
8.5 
9.0 
9.5 
10.0 
v2 
11.0 
Via 
12.0 


0.59 158 


12.5 
13.0 
13.5 
14.0 
14.5 
15.0 
15.5 
16.0 
16.5 
17.0 


0.46 82 


17.5 
18.0 


NOTE: Reference planes for S-parameter data located at outer package wall. 


0.85 — 84 


3.45 83 


0.07 4 


2.01 — 34 


$4; 
MAG ANG 
0.94 ~52 
0.91 63 
0.88 ~74 
0.83 _93 
0.81 —-101 
0.79 —110 
0.78 —118 
0.76 -125 
0.73  —140 
0.72 -146 
0.71 -153 
0.69  -160 
068  —166 
066 173 
0.64  -179 
0.62 175 
0.61 170 
0.59 164 
0.58 152 
057 145 
0.56 138 
0.55 130 
0.53 123 
0.51 115 
0.50 107 
0.48 99 
0.48 91 
0.46 74 
0.46 65 


So1 
MAG ANG 
4.46 125 
424 116 
4.00 107 
3.79 98 
3.61 91 
3.27 75 
3.12 68 
2.97 61 
2.85 54 
2.74 48 
2.65 42 
2.58 36 
2.50 29 
2.44 23 
2.38 16 
2.31 10 
2.25 3 
2.18 ~3 
2.15 9 
211 -15 
208 21 
204 —28 
199 -40 
196 —47 
194 -53 
191 -60 
190  -67 
187. -73 
183 -80 
188 -89 


Si2 
MAG ANG 
0.03 59 
0.03 52 
0.04 40 
0.04 35 
0.04 31 
0.05 28 
0.05 25 
0.05 29 
0.05 20 
0.05 17 
0.05 16 
0.05 14 
0.05 14 
0.05 13 
0.05 13 
005 13 
0.05 13 
0.06 11 
0.06 11 
0.06 10 
0.07 
0.07 
0.08 ~2 

0.08 5 
0.08 8 
0.09 —11 
0.09 —-17 
0.09 —21 
010 -27 
010 —-31 
010 -38 
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Texas Instruments TGF4212 


Medium-Power Microwave GaAs FET 


Features 


29-dBm pulsed power output at 1-dB gain 
compression (10 GHz) 

40% CW power-added efficiency (10 GHz) 
Low thermal impedance of 18°C/W 
Recessed 1/2-u.m gate structure 

Via grounds for source terminals 


Description 


The Texas Instruments TGF4212 is a 1500-um 
gate width, medium-power FET for amplifier and 
oscillator applications to 18 GHz. 


The fabrication process for this device utilizes 
silicon nitride passivation for surface stabilization 
and channel protection. Bond pads and 
backside are gold plated, making the TGF4212 
suitable for eutectic alloy attach methods as 
well as thermocompression and thermosonic 
wire-bonding processes. 


The TGF4212 is available in chip form and is 
readily assembled using automated equipment. 


Advance Information documents contain 
information on new products in the sampling or 
preproduction phase of development. 
Characteristic data and other specifications are 
subject to change without notice. 
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Device Layout 


0.016 + 0.003 


— 


0.038 + 0.003 


Units: inches 

Thickness: (0.004) 

(] Bonding pad area 

NOTE: Dimensions in parentheses are for reference only. 


FET Model 
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Typical DC Characteristics (T, = 25°C) 


Parameter and 
Test Conditions Symbol Min Typical Max Units Notes 


Saturated Drain Current 


Veg = 0.0V 


Pinch-Off Voltage 
Vps = 2.0V | Ve| 3.0 4.5 6.0 V 
los = 2.0% loss 


Transconductance 


Gate-Source Breakdown Voltage 
log = 1.25 mA |Vecs| 10.0 V 


Gate-Drain Breakdown Voltage 
lng = 1.25 mA [Veco | 10.0 V 


(1) 0.0 V < V(Ipbgs) < 3.0 V, searched for maximum Ips. 


Typical Modei Parameters 


Parameter Value Standard Deviation Units 
Ro 0.80 0.05 | ohms 
Rp 1.51 0.15 ohms 
Ro 2.41 0.35 ohms 
Gy 150 12.5 mS 
Ros 88 17 ohms 
R 0.558 Typical ohms 
Ces oe 1.47 Typical pF 
Cep 0.017 Typical pF 
C; 0.013 Typical pF 
Cos 0.299 Typical pF 
T 3.5 Typical - ps 
Lo 0.006 Typical nH 
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Absolute Maximum Ratings (T, = 25°C) 


Parameter Symbol Value 
Drain to source voltage Vos 10.0 
Gate to source voltage Ves 0 to -6.0 
Power dissipation Poiss 2.5 
Operating channel temperature Ton 150° 
Mounting temperature (30 seconds) Ty | a2" 
Storage temperature Tot¢ -— 65° to 150° 


Notes 


(1) Operating channel temperature will directly affect the device MTTF. For maximum life, it 
is recommended that channel temperature be maintained at the lowest possible level. 


Typical Electrical Characteristics 
(f = 10 GHz, T, = 25°C) 


Parameter Symbol Test Conditions Value 
Output Power at 1-dB Pap CW: 
Gain Compression Vos = 6.5 V 26.5 


los = 40% loss 


Pulsed (2.0 ys): 
2% duty cycle 


Associated 1-dB Gap CW: 
Compressed Gain Vos = 6.5 V 9.0 
los = 40% loss 


Pulsed (2.0 ys): 
Vos = 10.0 V 10.5 
2% duty cycle 


Power-Added Efficiency ” CW: 


Vos = 6.5 V 40.0% 
lps — 40% loss 
Chip Thermal Impedance OCH-B 18.0 


Channel to backside 


(1) Chip thermal impedance is determined using electrical measurement techniques. 


Units 


dBm 


dBm 


dB 


dB 


°C/W 


Notes 
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Frequency (GHz) 


2.0 
25 
3.0 
3.5 
4.0 
4.5 
5.0 
55 
60 
6.5 
7.0 
7.5 
8.0 
8.5 
9.0 
9.5 
10.0 


10.5 


0.88 -159 


110 
TNS 
12.0 
120 
13.0 
13.5 
14.0 
14.5 
15.0 
13.5 
16.0 
16.5 
170 
17a 
18.0 


Typicai S-Parameters 


(Vos = 6-5 V, Ipg = 250 mA, T, = 25°C) 


$44 S14 Si2 S52 

MAG ANG MAG ANG MAG ANG MAG ANG 
0.93  -90 582 120 0.016 44 035 48 
0.92 -103 5.06 110 0.017 38 0.36  —-57 
0.91 -113 443 102 0.018 34 038 -64 
0.90 -121 3.90 95 0.019 30 0.40 -70 
0.90 -127 3.47 89 0.019 28 042 -76 
0.89 -132 310 83 0.020 26 045 -81 
0.89 -137 2.79 78 0.020 25 0.47 -86 
0.89 -140 2.53 74 0.020 23 0.49 -90 
0.88 -143 2.30 69 0.020 23 051 -94 
0.88 -146 210 65 0.020 22 053 -98 
088 —149 1.93 62 0.020 22 0.56 -101 
0.88 151 178 58 0.020 22 0.58 -104 
0.88 -152 1.64 55 0.020 22 0.60 -107 
0.88 —-154 1.52 51 0.020 22 0.61 —110 
0.88 -156 1.41 48 0.020 23 063 -113 
0.88 -157 131 45 0.020 23 0.65 =115 
088 -158 1.23 43 0.020 24 0.66 -117 

115 40 0.020 24 0.68 -120 
0.88 -160 107-37 0.020 25 0.69 -122 
088 -161 1.01 35 0.020 26 0.70 124 
0.88 -162 095 32 0.020 27 0.72 -125 
0.88 -163 0.90 30 0.020 27 0.73  -127 
0.88 164 085 28 0.020 28 0.74 —129 
0.88 -164 080 26 0.020 29 0.75 —130 
0.88 -165 0.76 24 0.021 30 0.76 -132 
0.88 -166 0.72 29 0.021 31 0.77. -133 
088 -166 0.68 20 0.021 32 078 —135 
0.88 167 0.65 18 0.021 32 0.78 —136 
0.88 -167 0.62 16 0.021 33 0.79 ~137 
0.88 -168 0.59 14 0.022 34 0.80 —139 
0.88 -168 0.56 13 0.022 35 0.81 -140 
0.88 -169 0.54 11 0.022 36 081 —141 
0.88 -169 0.51 9 0.022 36 082 -142 


NOTE: Reference planes for S-parameter data located at center of device bond pads. 
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Texas Instruments 


Microwave Military Components 
TGM8014 Carrier Plate Assembly 


Product Features 


0.6-watt average output power at 1-dB gain 
compression 

6 to 18 GHz bandwidth 

Automated assembly 

Selectable gate biasing 

100% RF screening 


Product Description 


The TGM8014 integrates two Texas Instruments 
TGA8014 MMIC amplifiers in a balanced 
configuration on a single carrier plate assembly. 
An alumina thin-film network contains the Lange 
couplers and all necessary external bias 
circuitry. Adjustable voltage dividers on the thin- 
film network optimize gate bias for each MMIC. 
The TGM8014 can be used in a variety of 
wideband driver and power amplifier applications. 


Typical Performance 
(V+ =8V,V~- = -1.5 V, T, = 25°C) 


Parameter Symbol Test Conditions Value Units 


Average Output 
Power at 1-dB Prue 6-18 GHz 28 dBm 
Gain Compression 


Average 
Small-Signal Gain | Soy | 6-18 GHz 6 dB 


Maximum Input/Output 
Standing-Wave Ratio SWR 6-18 GHz a1 


Positive Supply 
Current fg 650 mA 


This document contains information on new 
products in the sampling or preproduction 
phase of development. Characteristic data and 
other specifications are subject to change 
without notice. 
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Outline Drawing 


0 0.075 0.425 0.500 


0.106 Drain Bias 


RF Output 3 0.202 


0.332 C RF Input 


0.450 


0.464 Gate Bias 


0.570 


Units: inches 
Thickness: 0.037 (Referenced to top of thin-film network) 
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Texas Instruments TGS8122 
Monolithic X-Band SPDT FET Switch 


Features 


Less than 1.5-dB insertion loss 

Input and output SWR less than 1.5:1 
Less than 2-ns rise/fall time 

0.8-watt input power at 1-dB gain 
compression 

Size: 0.067 x 0.028 x 0.006 inch 


Description 


The Texas instruments TGS8122 is a monolithic 
single-pole double-throw GaAs switch designed 
for 8 to 11 GHz. This device has low insertion 
loss, low current consumption of less than 50 
uA with a control voltage of —7 V, and rise/fall 
times less than 2 ns. The TGS8122 switch is 
compatible with the Texas Instruments TGA8021 
Low-Noise Amplifier and TGA8024 Driver 
Amplifier for use in a transmit/receive module. 
This switch is also ideal for use in high-speed 
switching radar, EW and communication 
systems. 


The TGS8122 is available in either chip form or 
in a hermetically sealed metal and ceramic 
package. Bond pad and backside metallization 
is gold plated for compatibility with eutectic alloy 
attach methods as well as thermocompression 
and thermosonic wire-bonding processes. 


Advance Information documents contain 
information on new products in the sampling or 
preproduction phase of development. 
Characteristic data and other specifications are 
subject to change without notice. 
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Device Layout 


RF commMOoN 


0.028 + 0.003 


Cgo0o 


RF, RF, 
aera arene eionsceesaes 0.067 + 0.003 —— eee: 
Units: inches 
Thickness: 0.006 (Ref. only) 
|| Bonding pad area 
Circuit Topology 
RF cComMMON 
VeTRL2 
VcTRLI 
RF, 
RF, 


8-91 


Absolute Maximum Ratings (T, = 25°C) 


Parameter Symbol Value Units Notes 
Input signal power | Pin 3.0 watts 1 
Operating channel temperature Tou 150 a © 2 
Mounting temperature (30 seconds) Ty 320 a © 

Storage temperature Tstg — 65 to 150 °C 


(1) 8 GHz < f < 11 GHz. DC-blocks are not provided at RF ports. 


(2) Operating channel temperature will directly affect the device MTTF. For maximum life, it 
is recommended that channel temperature be maintained at the lowest possible level. 


Recommended Operating Conditions (T, = 25°C, 


Control Voitage _ RF Path Condition 
___RFcommon — FF; RF common — RF 2 
-5 to -10V Low Loss Isolated 
OV —-5 to -10 V Isolated Low Loss 
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Insertion Loss (dB) 


Isolation (dB) 


Typical insertion Loss 
(Vetri12 = — 7/0 V, Ty = 25°C) 


Frequency (GHz) 


Typical isolation 


Frequency (GHz) 
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Typical SWR 


SWR 


‘Frequency (GHz) 


Input Power at 1-dB Gain Compression 
(f = 10 GHz, T, = 25°C) 


Power (dBm) 


a ~6 =e ~8 ~9 16 


Control Voltage (volts) 
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Typical Electrical Characteristics 


Parameter Symbol Test Conditions Value Units Notes 
Average insertion loss 8-11 GHz 1.4 dB 
Average isolation 8-11 GHz 34 dB 
Average input/output SWR 8-11 GHz 12:57 
standing-wave ratio 
Input power at 1-dB Pap 8 GHz 31 dBm 
gain compression 9 GHz 30 dBm 
10 GHz 29 dBm 
11 GHz 29 dBm 
Rise/fall time trig P., = 8 dBm <2 ns 1 
10 GHz 


(1) Rise/fall time is measured from 10% to 90% of the detected output voltage level. 
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Texas Instruments TGS8250 
Monolithic DC to 18-GHz SPDT FET Switch 


Features 


Less than 2-ns rise/fall time 

Current consumption less than 50 pA with 
control voltage of —7 V 

Greater than 35-dB isolation across band 
Size: 0.071 x 0.050 x 0.004 inch 

Recessed 1/2-um gate structure 


Description 


The Texas Instruments TGS8250 is a GaAs 
SPDT monolithic switch designed to operate 
over the DC to 18-GHz frequency range. This 
switch not only maintains high isolation and low 
insertion loss across a wide bandwidth, but also 
has very low power consumption and attains a 
rise/fall time of less than 2 ns. These 
advantages, along with the small size of the 
chip, make the TGS8250 ideal for use in high- 
speed EW, radar and communications 
applications. 


Bond pad and backside metallization is gold 
plated for compatibility with eutectic alloy attach 
methods as well as thermocompression and 
thermosonic wire bonding processes. The 
TGS8250 is available in chip form and is 
engineered for high-volume automated 
assembly. 


Advance Information documents contain 
information on new products in the sampling or 
preproduction phase of development. 
Characteristic data and other specifications are 
subject to change without notice. 
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Device Layout 


RF common 


0.050 + 0.003 


RF, 


VeTRLt VeTRL2 | 


———— 0,071 +.0.003 — 4 


Units: inches 
Thickness: 0.004 (Ref. only) 
L] Bonding pad area 


Circuit Topology 


FET 6 


Verar4 VeTRL2 
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Absolute Maximum Ratings (T, = 25°C) 


Parameter Symbol Value Units Notes 
Input signal power Pin 1.0 watt 1 
Operating channel temperature Tou 150 a © 2 
Mounting temperature (30 seconds) Ty 320 °C 

Storage temperature Tst¢ — 65 to 150 °C 


(1) OC-blocks are not provided at RF ports. 


(2) Operating channel temperature will directly affect the device MTTF. For maximum life, it 
is recommended that channel temperature be maintained at the lowest possible level. 


Recommended Operating Conditions (T, = 25°C) 


Control Voltage RF Path Condition 
VertRit VeTRL2 RF common — RF, RF common — RF 2 
-5to -10V OV Low Loss Isolated 
OV -5to -10 V Isolated Low Loss 
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Insertion Loss (dB) 


Isolation (dB) 


Typical Insertion Loss 


6 8 10 12 
Frequency (GHz) 


Typical Isolation 


6 8 10 12 


Frequency (GHz) 


14 


16 
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SWR 


Power (dBm) 


Typical SWR 
(VerRL1,2 = -7/0 V, Ta = 25°C) 


2 
4 
3 
Input 
2 rd 
oe 
4 

4 — = pd oo =” = -=—_ —— ~ 
1 

0) 2 4 6 8 10 12 14 16 18 


Frequency (GHz) 


Input Power at 1-dB Gain Compression 


2 4 6 8 10 12 14 16 18 


Frequency (GHz) 
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Typical Electrical Characteristics 
(VoTRL1,2 = -7/0 V, Ta = 25°C) 


Parameter Symbol Test Conditions Value Units Notes 
Insertion loss DC 1.4 dB 
2 GHz 1.6 dB 
10 GHz 1.8 dB 
18 GHz ZF dB 
Isolation DC 100 dB 
2 GHz 52 dB 
10 GHz 35 dB 
18 GHz 36 dB 
Average input/output SWR DC-18 GHz eet 
standing-wave ratio 
Input power at 1-dB Psap 2-18 GHz 22 dBm 
gain compression 
Rise/fall time tar Py = 8 dBm ne ns 1 


10 GHz 


(1) Rise/fall time is measured from 10% to 90% of the detected output voliage level. 
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Optoelectronics 
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OPTOELECTRONICS 
OPTOCOUPLERS IN CIRCUITS 


There are many situations in which information must be transmitted between switching circuits 
electrically isolated from each other. This isolation has been commonly provided by relays, 
isolation transformers, and line drivers and receivers. There is, however, another device that 
can be used quite effectively to solve these problems. This device is the optocoupler. The need 
for the optocoupler is most prominent in areas where high voltage and noise isolation, as well 
as small size, are considered important. By coupling two systems together with the transmission 
of radiant energy (photons), the necessity for acommon ground is eliminated — the main purpose 
of the optocoupler — and the systems can be effectively isolated. 


Nine Texas Instruments optocoupler devices, the 4N22, 4N23, 4N24, 4N22A, 4N23A, 4N24A, 
4N47, 4N48, and 4N49, are discussed in this report. How these devices can be used in various 
circuits to provide proper isolation in many systems will be a key part of this discussion. There 
are many Circuit applications for optocouplers; however, the ones offered in this report are 
just several which can be of special use. Complete specifications for these devices are not 
included here but are available elsewhere in this book. For convenience, the 4N22, 4N23, 4N24, 
4N22A, 4N23A, 4N24A will be referred to as 4N24 and the same for 4N49. 


DESCRIPTION OF AN OPTOCOUPLER 


Basically, a Texas Instruments optocoupler consists of a GaAs (gallium arsenide) infrared- 
emitting diode (IRED) as the input stage and a silicon n-p-n phototransistor as the output stage. 
The coupling medium between diode and sensor is an infrared-transmitting (‘‘IR’’) glass, as 
used in the 4N24 and 4N49. Photons emitted from the diode (emitter) have wavelengths of 
about 900 nanometers. The sensor transistor responds most efficiently to photons having this 
same wavelength. Consequently, the input and output devices are spectrally matched for 
optimum transfer characteristics. 


The equivalent circuit for the 4N24 and 4N49 is shown in Figure 1. For both families of devices, 
a current source between the collector and base of the sensor is used to represent the virtual 
base current generated by incident photons striking the base. This base current is proportional 
to the amount of radiation emitted from the diode. The collector-base and base-emitter junction 
capacitances are shown for both devices since they are used to determine the rise and fall 
times of the output current waveform. Because a relatively large transistor base area is necessary 
for increased sensor efficiency, the collector-base junction capacitance is fairly large. 
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INPUT OUTPUT 


STAGE STAGE 
ANODE COLLECTOR 
BASE 
CATHODE EMITTER 
A Cc 
MPUTS Cy OUTPUTS 
Cee 
E 
K B 


Figure 1. Terminal Connections and Equivalent Circuit for the 4N24/4N24A/4N49 


CHARACTERISTICS OF AN OPTOCOUPLER 


To fully utilize the advantages offered by an optocoupler, it is necessary that the circuit designer 
become aware of some of its characteristics. The difference in characteristics between the 
families is attributed mainly to the difference in construction. 


The characteristics most useful to the designer are as follows: 


Ts 


High-voltage isolation. High-voltage isolation between the inputs and outputs is obtained 
by the physical separation between emitter and sensor. This isolation is possibly the most 
important advantage of the optocoupler. These devices can withstand large potential 
differences, depending on the type of coupling medium and construction of the package. 
The IR glass separating the emitter and sensor in the 4N24 and 4N49 has an isolation 
capability of 1000 V. The isolation resistance is greater than 1012 Q. 

Noise isolation. Electrical noise in digital signals received at the input of the optocoupler 
is isolated from the output by the coupling medium. Since the input is a diode, common- 
mode noise is rejected. 

Current gain. The current gain (output current/input Current) of an optocoupler is largely 
determined by the efficiency of the n-p-n sensor and by the type of transmission medium 
used. For the 4N24 and 4N49, the current gain is greater than unity, which in many cases 
eliminates the need for current amplifiers in the output. However, the 4N24 devices have 
output current levels that are compatible with inputs of digital integrated circuits such as 
54/74 TTL. Figures 2 and 3 show typical input-to-output current relationships. The 4N49 
device requires 1/10 the input current as the 4N24 to achieve 100% CTR. 
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Figure 2. Typical Input/Output Current Relationship for the 4N22, 4N23, and 4N24 
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I¢—Collector Current—mA 


0.4 


l- —Forward Current—mA 
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Figure 3. Typical Input/Output Current Relationship for the 4N48 
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4. Small size. The dimensions of these devices enable them to be used on standard printed- 
wiring boards. The 4N24 and 4N49 are built in a metal can similar to a transistor package. 
The physical dimensions of this package is shown in Figure 4. 


These are some of the prime characteristics of an optocoupler that can be used effectively 
to isolate two systems. 


4,70 (0.185) 6 LEADS 
3, 3,94 (0.155) (0.155) 0,483 (0.019) 


0,406 (0.016) 


8,51 (0.335) 9,40 (0.370) 
7,74 (0.305) 8,51 (0.335) 1,14 (0.045) 


| SSE 
oo = Z 4/ a, 73 (0.029) 
5,08 (0.200) = 0,864 (0.034) 
[12.7 (0.500) , 7 be 500) DIA and 0,711 (0.028) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


- 1,02 (0.040) 
MAX 


Figure 4. Dimensions of the 4N24/4N49 


TYPICAL CIRCUIT APPLICATIONS 


The characteristics and advantages of an optocoupler enable the designer to use it in a wide 
range of circuit applications. Important among the applications of an optocoupler are those 
involving 54/74 TTL and similar digital integrated-circuit families. As was mentioned previously, 
an optocoupler has output current compatible with TTL inputs. This compatibility enables it 
to be especially attractive as an interface element between digital systems. The device is 
particularly beneficial in applications where high voltage differences may exist between systems. 
However, it is not limited only to digital applications, as shown by the following examples. 


Driving 54/74 TTL 


An effective method of coupling an optocoupler to TTL circuitry is by using a Schmitt trigger 
that has an output level compatible with standard TTL devices. By coupling any of the Texas 
Instruments optocouplers to the SN7413, as shown in Figure 5, the isolated signal at the input 
can be converted to TTL logic levels. Noise immunity is provided by the coupler as well as 
by the threshold level of the SN7413. 


The optocoupler can also be employed as part of a Schmitt trigger circuit that utilizes discrete 
components. Because the output of the optocoupler is a transistor, it can be used as the input 
stage to the trigger as shown in Figure 6. For this circuit, regeneration or positive feedback 
is provided by the coupled emitters of Q1 and Q2. The output of this circuit is noninverting 
and is compatible with TTL logic. 
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+5 ¥ 


SN7413 


* 
OUTPUT TO 
54/74 TTL 


INPUT 


+5 V 


INPUT 


OUTPUT TO 
54/74 TTL 


(b) INVERTING FUNCTION 


Figure 5. Schmitt Trigger Coupling Optocoupler to 54/74 TTL Inputs 


Another Schmitt trigger utilizing discrete components that makes use of the base connection 
of the 4N24/4N49 is shown in Figure 7. In this circuit, positive feedback is provided from the 
collector of Q2 to the base of Q1. Resistor R1 limits the base current to Q1 and keeps the 
device off when there is no signal at the emitter. As with the circuit in Figure 6, the output 
of this circuit is noninverting and compatible with TTL levels. 
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+5 V 


2N3391 


4N24/4N49 
OUTPUT TO 


54/74 TTL 
INPUT 


Figure 6. Optocoupler with Discrete-Component 
Schmitt Trigger for Driving 54/74 TTL 


+5 V 


Q3 


4N24/4N49 2N3391 


OUTPUT TO 


INPUT 54/74 TTL 


1 kQ 


Figure 7. 4N24/4N49 in a Schmitt Trigger for Driving 54/74 TTL 
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Transmission-Line Isolator 


By using an optocoupler between two systems coupled by a transmission line, effective line 
isolation can be achieved. Figure 8 shows a typical interface system using TTL integrated 
circuitry coupled by a twisted-pair line. The SN75450B is the input stage driving the transmission 
line and emitter of the optocoupler. The IRED requires about 20 mA for 4N24, or 5 mA for 
4N49 during ‘‘turn-on,’’ which is well below the maximum current rating of the transistor. At 
the receiving end of the line, the phototransistor is coupled to an SN7413 for fast pulse 
generation. The output of this system is a noninverted pulse. However, by rearranging the 
optocoupler and the SN7413 as shown in Figure 5(a), the output may be inverted. 


+Vcc1 P 
+Vcec2 


4N24/4N49 


1/2 SN7413 


Figure 8. Typical Transmission Line Isolator 


As simple as it seems, employing an optocoupler this way provides isolation for both noise 
and high voltage. An isolation transformer or relay could accomplish the task, but it would 
not be as fast as the optocoupler. Also, a line driver and receiver combination could be used 
to eliminate the noise and increase the speed, but it would be very ineffective if were high 
potential differences between the input and output. 


Solid-State Relay 


Through the use of transistor circuits, mechanical relays are slowly being replaced by solid- 
state relays. In some cases, the solid-state relay (SSR) offers distinct advantages over its 
mechanical counterpart. For example, an SSR has the advantage that it has neither moving 
parts nor fragile wires, and it has faster switching speeds and long operating life. However, 
one disadvantage of an SSR is that it generally has a lower degree of input/output isolation 
than a mechanical relay. To overcome this disadvantage in the SSR, an optocoupler can be 
used as the isolating input stage as shown in the block diagram in Figure 9. The control stage 
may consist of discrete transistors or integrated circuits, while the output stage consists of 
high-power switching devices. 
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INPUT 


— Gj = Go 


Figure 9. Typical Solid-State Relay Using an Optocoupler 


A simple isolated latch circuit, which is somewhat of an SSR, is shown in Figure 10. The output 
of the optocoupler is used to fire the SCR that provides power to the load. To turn off the load 
current, the supply voltage VCcCc2 must be removed. 


+10 V +Vcc2 


INPUT 4N24/4N49 


=1@ — 
TIC44 


= Go 


Figure 10. Solid-State Latch 


Isolated Chopper Circuit 


Chopper circuits that use mechanical relays suffer from a speed problem as well as switching 
transients at the load. By using bipolar transistors or FETs as series and shunt switching 
elements, the speed may be improved; but capacitive coupling to the switching circuitry may 
still produce transient ‘‘spikes’’ on the output signal. By using an optocoupler to switch the 
input signal as shown in Figure 11, the switching circuitry can be isolated from the output, 
thereby reducing output ‘’spikes’’. The use of two couplers in the configuration shown allows 
chopping of either positive or negative input signals with a frequency of one-half that of the 
input to the flip-flop. The uA741 operational amplifier is used to increase the output signal 
with a gain of R2/R1. 


FLIP-FLOP 


CONTROL T 
SIGNAL 


Figure 11. Chopper Circuit Using Optocouplers 


Pulse Amplifiers 


Pulse amplification, as well as isolation, can be achieved by using an optocoupler with a pulse 
amplifier. The circuit shown in Figure 12 uses an isolator with a uA741 operational amplifier 
to amplify the pulse appearing at the anode of the IRED. The gain of this circuit is controlled 
by the feedback resistor RF. An amplifier employing discrete components and that uses the 
4N24/4N49 as part of the current feedback pair is shown in Figure 13. The feedback resistor 
R1 controls the current gain as well as the output d-c level. 


Re 100 kQ2 


4N24/4N49 


OUTPUT 


15 V = = 


Figure 12. Isolated Pulse Amplifier Using Optocoupler uA741 Operational Amplifier 
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Figure 14 shows an optocoupler with a voltage-feedback amplifier that has a gain of 1 + R2/R1. 
This type of amplifier offers high input impedance, which will not load the emitter of the sensor 
transistor. 


Figure 13. Discrete-Component Pulse Amplifier with 4N24/4N49 


+15 V 


a E48 


uA741 


OUTPUT 


Figure 14. Voltage-Feedback Pulse Amplifier with Optocoupler 


Interfacing Using Optocouplers 
DESCRIPTION 


A very useful application of optocouplers is in the interface between different families of digital 
logic circuits. The worst-case design process should include consideration of data rates, power 
supply variations, component tolerances, and temperature ranges as well as the characteristics 
of the digital logic families. Consider the general circuit of Figure 1. 


Vcc2 


Vcc | R2 


lWH2 AND IjL2 
ro 


ft GATE 


2 ViH2 and ViL2 2 


a 


a 


GATE ft 
VOL1 


L = 


NOTE: Vo_2 = LOW-LEVEL OUTPUT VOLTAGE OF COUPLER WHEN COUPLER IS ON 
ViIL2 = LOW-LEVEL INPUT VOLTAGE SPECIFIED FOR GATE 2. 


Figure 1. Optocoupler Interface Circuit 


When the output of logic circuit 1 is low (VoL_1), the output of the optocoupler is also low 
(VOL2). Since VOL2 is the input to logic circuit 2, it must be less than the maximum required 
logic low input voltage (Vj,_2), in order to hold logic circuit 2 in a stable state. The criteria that 
must be met at this point is given in equation 1. 


VOL2 (coupler) < Vii? (max) logic circuit) (1) 


When the coupler output is in the low state it must not only sink the current through R2, Ira, 
but it must also sink any current required out of the logic circuit 2 input in order to hold logic 
circuit 2 input to Vj,_2 or less. 


Using the current directions specified in Figure 1 and with the conditions of equation 1 satisfied, 
the conditions required for the coupler current, loL2, can be expressed as in equation 2. 


iOL2 = 'A2 — 'L2 (2) 


The first step in the design procedure is to select lF1, the forward current through the emitter 
of the optocoupler. Then using equation 3, R1 is computed: 


R, =  MCC1 — VF1(typ) — VOL1typ) (3) 
F1 (typ) 


A standard value resistor for R1 is selected as close to the value computed using equation 3. 
A tolerance for this resistor is specified from which the maximum and minumum values for 
R1 are computed using equations 4a and 4b as follows: 


tol 
R1(max) = R1(1 + 100) (4a) 
tol 
R1(min) = R1(1 —- 700) (4b) 


‘“‘tol’’ is the percent tolerance of the resistor. With the results of operations 4a and 4b, the 
maximum and minimum values of IF1 can be determined using equation 5a and 5b. 


VCC1(max) ~ VF1(min) ~ VOL1(min) 


IE 1 (max) = R1(min) (Sa) 
_YV in) — V — VoL 
IF1(min) = CC1(min) Saree on OL1(max) (5b) 


The output current of the coupler depends on the current transfer ratio (CTR) of the device. 
CTR is defined by equation 6a as the coupler output current, lo_2, divided by the forward 
current, lF1, of the coupler diode emitter. 


cTR = [OL2 (6a) 


If CTR is not given as a data sheet parameter, it can be calculated from other data sheet 
specifications (e.g., IC(on) at a certain IF) or from curves of IO, (sometimes called Ic) vs IF 
given in the data sheet. In many cases CTR will be a number less than one, in other cases 
it will be greater than 1. 
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Using equation 6a with CTR converted to a percent, the coupler collector current can be 
computed using equation 6b. 


—— (% CTR) X let Umi 
lOL2(min) = ———>55 mn (6b) 


The minimum value for R2 can be calculated using equation 7. 


R3imin) = VCC2(max) ~ VOL2(max) (7) 
IOH2(min) + 'IH2(max) 


The maximum value of R2 is determined from the condition that exists when the optocoupler 
output transistor is in the off state. Under these conditions any offstate current, IOH, and any 
Current into the input of gate 2 must not drop the voltage across R2 to the point where the 
input to gate 2 goes below its required high-level limit value, VjH. These limit conditions are 
expressed in equation 8, again using Figure 1. IoH2 is the current into the output collector 
and |jH2 is the input current to gate 2 when the gate input is at a voltage equal to or greater 
than the ViH(min) voltage required. IOH2(max), VIH(min), 29d !|H2(max) are taken from data 
sheet specifications. 


R2(max) = VCC2(min) — VIH2(min) (3) 
IOH2(max) — 'H2(max) 


R2 is selected between the limits of R2(min) and R2(max). Capacitive effects on response time 
are less when R2 is closer to R2(min), while maintaining the low-logic-level voltage, Vj, 2. As 
the CTR of the optocoupler degrades, correct circuit operation will be maintained longer with 
R2 closer to R2(max). Final selection depends on which parameter is more important in the 
application. 


In Figure 2, a 4N22 optocoupler is to be driven by an SN7404 gate output and will drive the 
input of an SN7400 gate. The specifications for the logic levels and input and output currents 
for the Series 74 logic family are given in Table 1. 


Table 1. Series 74 Family Data 


TEL VIL NL ViH iH Vot ‘lot VOH IOH 
Family V mA Vv swA V mA V uA 
16 2.4 —~400 


20 0.24 = 500 

8 rae | — 400 
3.6 2.4 OU 
20 2.7 «7000 


For the particular calculations, the values in Tabie 2 will be used. 
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Table 2. Calculation Values 


Power Supply 
ViHimin) = 2 V CTR(min) = 25% Vcc = 5V +5% 
ViL(max) = 0.8 V VE(min) = 1-1 V@ 10 mA 
liH(max) = 40 vA VE(typ) = 1-25 V @10 mA 


liL(max) = —1-6 mA VE(max) = 1-3 V @ 10 mA 
lOH(max) = 400 wA —IQH(min) = 2 MA 

VOLityp) = 9-2 V VOL(max) = 0.5 V 
Vot(max) = 0.4 V 


Vcc =5V 


4N22 
OPTOCOUPLER 
fat 


rien 
| t SN7400 
tL 


< 
O 
ae 
NO 

< 


NOTE: Vo_2 = LOW-LEVEL OUTPUT VOLTAGE OF COUPLER WHEN COUPLER IS ON. 
Vit2 = LOW-LEVEL INPUT VOLTAGE SPECIFIED FOR SN7400. 


Figure 2. Optocoupler Interface Circuit 


Calculations 


1) Select l-F = 20 mA 

2) Check equation 1 
VoL (coupler) < Vj,2 (logic circuit) 
0.5 V < 0.8 V It checks. 


From equation 3, assuming the VF at 20 milliamperes is not 0.05 volt greater than the value 
at 10 milliamperes. 


5 — 1.25 —- 0.2 
le 
a 20 mA 
R1 = 178 2 

Select standard value R1 = 1800 + 10%. 


Therefore, 
4) R1i(max) 180 + 18 = 198 Q 
R1i(min) 180 — 18 = 1720 


9) From equation 5a and 5b, using VOL(typ) = 0-2 V for VOL(min) 


(6.96 —-1.2V -— 0.2) V 
lF1(max) = ar ies 21.38 mA 


(4.75 —- 1.5 V — 0.4) V 
lF1(min) = en °C~<S 14.39 mA 


6) From equations 6 and 7 


14.39 mA X 20 


lOL2(min) = qog.— = 28 78 MA 
| (5.25 — 0.5) V - 
Reimin) = 3878 mA + (-1.6mA) > 
4.75 ~ 2 
7) R2(max) = ——“>—*__ = 6.25 ka 


400 pA + 40 pA 
A choice of 4.7 kQ + 10% for R2 is suitable for this design. 


Texas Instruments 
Quality/Reliability Program 
For Optocouplers 


Texas Instruments has an extensive commitment to produce optocoupler products with the 
highest quality and reliability performance possible. Tl monitors the entire semiconductor 
process, from the earliest stages of crystal formation through completion of the final device. 
These monitored processes which follow rigid Quality Standards are illustrated in Table 1. As 
an added emphasis on our quality trust, Tl incorporates Quality Reviews with some of our major 
customers to monitor their incoming inspection reports with our reporting system. These 
customers’ inputs are reviewed on a monthly basis by the top management of Texas Instruments 
and are used to constantly update our standard within the industry. Our continuing goal is to 
be the Number 1 supplier in the industry, and we have set up our QA Program to meet this 
challenge. 


The broad spectrum of military applications demands our products to be operative under adverse 
conditions and prolonged usage. Refer to Table 2 for our overall testing capability. Table 3 
defines the military standard test capabilities available at TI. 


Extensive facilities are used in our failure analysis laboratory to analyze in-house and field failures 
of our products. Table 4 illustrates our Failure Analysis Procedures and our test facilities. 


In summary, this chapter includes the following tables: 


Table 1 General Standard Device Flow 
Table 2 Overall Test Capability 

Table 3 Military Standard Test Capability 
Table 4 Failure Analysis Capability 


Reliability data on our products is consolidated every 3 months and is available upon request 
by contacting your local Tl Field Sales Office or by contacting TI direct. 


Table 1. General Standard Device Flow 


QC MONITOR (MOUNT VISUAL) 


QC MONITOR (MACHINE CONDITION/ 
BOND PARAMETERS/BOND STRENGTH) 


QC MONITOR (MOUNT VISUAL) 


QC MONITOR (MACHINE CONDITION/ 


BOND PARAMETERS/BOND STRENGTH 


QC MONITOR (LOT ACCEPTANCE) 


QC MONITOR (WELD VISUAL) 


VV 


! 


PIECE PARTS PER 
DEVICE 
SPECIFICATION 
FROM 


INCOMING ACCEPTED 


INVENTORY OR 
WAFER FAB 
MOUNT BAR 


BONDING 


MOUNT BAR 


BONDING 


INSPECTION 


WELDING 


TEST 


SYMBOLIZE 


PACK 


PCC QA LOT 
ACCEPTANCE 


SHIP 


TEST 
Acceleration, Sustained 
(Centrifuge) 
Bond Strength 
Altitude (Barometric 
Pressure, Reduced) 
Dew Point 


Table 2. Overall Test Capability 


CAPABILITY 
50 to 50,000 G (standard) 
50,000 to 125,000 G (nonstandard) * 
O to 25 grams 
150,000 ft simulated altitude 


—65°C to 150°C 


Electrostatic Susceptibility, MIL-STD-883, 


Method 3015 
Flammability 
Moisture Resistance 
Particle Detection 
Acoustical (PIND) 
Electrical 
Pressure Cooker 
Radiographic Inspection (X-Ray) 
Film 
Real Time 
Salt Atmosphere/Spray 
Seal 
Gross Leak 
Bubble 
Dye Penetrant 
Weight Gain 
Radioactive Tracer Gas 
Symbolization 
(Resistance to Solvents) 
Shock (Mechanical) 


* Limited fixture availability. 
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800°C to 1100°C 
+2°C to 96°C, 40% to 100% RH 


=0.1 microgram 
Intermittency = 1 ws with 100-mV amplitude 
O to 15 psig of steam pressure 


Resolution to 0.001 inch, 150 kV, 5 mA 
360° rotation — Resolution to 0.001 inch 
25°C to 45°C, up to 20% salt solution 


>1 X 10-5 atm cm3/s 
>5 X 10-6 atm cm3/s 
>2 X 10-5 atm cm3/s 
>1 xX 10-19 atm cm3/s 


To limits of: MIL-STD-202, Method 213 
MIL-STD-750 
MIL-STD-810, Method 516 
MIL-STD-883 


Table 2. Overall Test Capability (Continued) 


TEST CAPABILITY 
Solderability, Meniscograph MIL-STD-883, Method 2022 
Solderability/Soldering Wo to 280°C 
Temperature Cycling = T85°C to 300°C 
Terminal Strength (Lead Integrity) Lead Fatigue, Tension, Torque 
Thermal Shock ~ 196°C to 200°C 
Ultrasonics O to 100 psi at 40 kHz or 25 kHz 
Ultraviolet Exposure To 12.5 mW/cm2 
Vibration, Fatigue 10 to 100 Hz, 5 to 70 G 
Vibration, Random 20 to 2000 Hz, Power Spectral Density 1.3 G2/Hz 
Vibration, Variable 5 to 2000 Hz as limited by 1 inch double 


amplitude and 60 inches/second velocity. 
O to 70 G (standard), 70 to 100 G (nonstandard) * 


* Limited Fixture availability 


Table 3. Military Standard Test Capability 


TEST CATEGORY 
All Conditions All Conditions All Conditions 
| Conditions Aor 8 | Conditions A, C, or D_ 
[| AllConditions | All Conditions 
Flammability 


Immersion All Conditions All Conditions All Conditions 
Insulation Resistance All Conditions All Conditions All Conditions 


Meniscograph 
i ‘ All Conditions 
Solderability 


Moisture Resistance All Conditions All Conditions All Conditions 


Resistance to Solvents _ _ 
a All Conditions All Conditions All Conditions 
(Symbolization) 


All Condiions | All Conditions | 


All Conditions All Conditions 
Temperature Cycling except Method 107, except Method 1051, All Conditions 
Conditions D& E Conditions D&E 
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Table 3. Military Standard Test Capability (Continued) 


TEST CATEGORY MIL-STD-202 MIL-STD-750 MIL-STD-883 
Terminal St th 

nnn ae All Conditions All Conditions All Conditions 
(Lead Integrity) 
Axial Lead bs 

All Conditions 
Tensile Test 
nas All Conditions All Conditions 


All Conditions 
Method 2001, 
Conditions G, H, and l, 
may require special 


Thermal Shock 
(Glass Strain) 


Acceleration, Sustained 


All Conditions All Conditions 


(Centrifuge) 


fixturing. t 
Particle Impact 


All Conditions 
All Conditions 
Method 2002, 


Conditions F and G, 
may require special 


All Conditions 


All Conditions 
All Conditions 


All Conditions 


Noise Detection 
(PIND) 

Forward Instability 
Backward Instability 
Shock (BIST) 


Shock (Mechanical) * All Conditions 


fixturing. ! 


Vibration, Fatigue FY AI Conditions All Conditions 


Vibration, Random?+ All Conditions T.ttissCti‘(aC‘ 


Vibration, Variable - _ 
All Conditions All Conditions All Conditions 
Frequency + 


X-Ray, Film 8 All Conditions All Conditions All Conditions 


X-Ray, Real Time _ -. 
All Conditions All Conditions All Conditions 
(TV X-Ray) 8 


T Call Physical Test supervisor for available fixtures. 

t Also perform random vibration and vibration, variable frequency per MIL-STD-810B, Method 514.1, procedures |, li, 
ll, IV, V, VI, and Vil. Omit paragraph 4.5.1.1, Resonant Search, and paragraph 4.5.1.2, Resonant Dwell. 

8 Radiographic inspection is performed in accordance with many government and customer specifications. Before any 
new radiographic specification is acceptable for use as a test standard with the Semiconductor Group, it must be approved 
by Environmental Test Services. For questions pertaining to a particular specification, contact the Radiographic Group 
supervisor or cost center manager— phone (214) 995-3397 or 995-3931. 

* Also perform mechanical shock per MIL-STD-810B, Method 516. 
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Table 4. Failure Analysis Capabilities 


|. Nondestructive Techniques 


A. 
B. 
GC, 


Hermeticity evaluation 

X-ray interpretation of bonding and die mount 

Electrical characterization 

1. Breakdown, leakage, and functional tests run at temperature extremes 
2. Polaroid documentation of curve traces and/or oscilloscope traces 


ll. Destructive Techniques 


OOS 


—-iGOanm 


=n 


Decapsulation/Delid of devices 

Probe and isolation of electrical defects 

Layer-by-layer removal of device levels by selective etching 
Microsection analysis 

1. Sections taken at shallow to 90° angles — sample sizes to 1.5 inches 
2. Selective staining to delineate diffusions, dielectrics, etc. 
3. Thickness measurements by SEM or optical microscopy 
Optical microphotography — magnifications to 5000X 
Infrared microscopy — transmission and reflection 
Nanometrics 

Planar plasma etching 

Scanning electron microscopy — SEM 

Routine magnification to 50,000X 

. 50-A resolution 

Back-scattered electron detector 

Military product lot acceptance of metallization 

Voltage contrast 

. Specimen current amplifier 

Electron microprobe 

1. Chemical detection of elements with atomic number greater than 11. 
2. Typical 4- to 5-um beam penetration 

3. Spot size typically 1000 to 2000 A 

Auger spectroscope 

lon microprobe mass analysis 

Gas and/or plastic composition analysis 


OA RWN = 
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OPTO COUPLER NOMENCLATURE 
JANTXV 


Prefix ee | 


Example: 


JAN 
JANTX 
JANTXV 


Optoelectronics 


JEDEC Registration 


4N 


Device Type 
é 


DEVICE 

JAN 4N22 
JAN 4N23 
JAN 4N24 
JANTX 4N22 
JANTX 4N23 
JANTX 4N24 


JANTXV 4N22 
JANTXV 4N23 
JANTXV 4N24 


JAN 4N22A 
JAN 4N23A 
JAN 4N24A 


JANTX 4N22A 
JANTX 4N23A 
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OPTO ISOLATOR (COUPLER) CROSS-REFERENCE GUIDE 


x KKK KK KKK KK KK KA 


MICROPAC 


x KK KKK KK KKK KK XK 


OPTEK 


<x KX KK 


OPTO ISOLATOR (COUPLER) CROSS-REFERENCE GUIDE 


DEVICE 

JANTX 4N24A 
JANTXV 4N22A 
JANTXV 4N23A 
JANTXV 4N24A 
JAN 4N47 

JAN 4N48 

JAN 4N49 
JANTX 4N47 
JANTX 4N48 
JANTX 4N49 
JANTXV 4N47 
JANTXV 4N48 
JANTXV 4N49 


—n. 


MICROPAC OPTEK 
X 


x KK KK KKK KK KK 
x <x K XK 


x KK KK KK KKK RK 


x< 
x< 


The suffix letter ‘“A’’ denotes that the collector is electrically isolated from the case. The electrical parameters are exactly 
the same for the non-‘’A”’ and the ‘‘A’’. 
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Optocoupler Screening and Lot Conformance 
Types-JAN, JANTX, JANTXV 4N47, 4N48, 4N49 


| semen [Mernoo | comomon | "Feo [nea | a. 
SCREEN CONDITION 
METHOD REQ. REQ. | REQ. 
1. Internal Visual 2072 For Transistors 100% 
2. High Temp 1032 t = 24 Hours @ 100% | 100% 
3. Thermal Shock 1051 tmin = —55°C, 10 Cycles 100% | 100% 
5. Interim Electrical as 100% Read and Record 
Condition At = 48 Hrs @ 
TA = 125°C 


6. High Temperature 1039 


Reverse Bias 


100% | 100% 


100% | 100% 


100% 100% 
Vcp = 36 V, If = O 
Interim Electrical ae Read and Record 100% 100% po | 
8. Power Burn In 1039 Vcc = 20 Vdc, 
PT = 275425 mW @ 
Ta = 25°C 
le = 40 mA, t = 168 Hrs 
10. Hermetic Seal 1071 
Fine Leak Condition G or H 100% 100% 
Gross Leak Condition C or D 100% 100% 
11. Monitored Temp Sweep Paragraph 4.2.1.1 of 100% 100% 
19500/548 
12. External Visual Exam 2071 ~—«| sis 100% | 100% ] 100% 


ve 
Vcfe = 10+ 5 Vde 

9. Interim Electrical Read and Record 100% 100% — 
Subgroup 2 of 100% 100% | 100% 
Table | of 548 

Quality Conformance 


Inspection 
Group A: 116/0 


External Visual 2071 Subgroup 1 of 
Table | of 548 

Electrical: Tp As Needed | Subgroup 2 of 
Table | of 548 


Electrical: Ta As Needed | Subgroup 3 of 
Table | of 548 

Electrical: Tp As Needed | Subgroup 4 of 
Table | of 548 
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Optocoupler Screening and Lot Conformance 
Types-JAN, JANTX, JANTXV 4N47, 4N48, 4N49 (Continued) 


MIL-STD-750 JANTXV | JANTX| JAN 
SCREEN CONDITION 
METHOD REQ. REQ. | REQ. 
Group B: 


Group B-1: LTPD = 15 
Solderability 10 Sec Dwell Time 
1/16 Inch from Case 
Resistance to Solvents 


Group B-2: LTPD = 10 
Thermal Shock Condition B-1 Total Test 
Time = 72 Hrs Max 
Hermetic Seal 
Fine Leak Condition G or H 
Gross Leak Condition C or D 
Electrical Endpoints 


Group B-3A: LTPD = 20 
Isolation Voltage Vio = 150 V @ 
Ta = 125°C, t = 24 Hrs 


Electrical Endpoints 4.5.2 of 19500/548 


Group B-3B: LTPD = 5 
Steady State Vcc = 20 Vdc, 
VceE = 10+5 Vde 
Operating Life PT = 275+25 mW @ 
Ta = 25°C 
le = 20 mA, t = 340 Hrs 


Electrical Endpoints 


Group B-4A: 1 Unit/O Fail 
Design Verification Internal Visual 


Group B-4B: LTPD = 20 
Bond Strength: Condition A 
11 Units/O Failures 


Group B-6: LTPD = 7 
High-Temperature Life 125°C, t = 340 Hrs 
(Non-operating) 


Electrical Endpoints 
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Optocoupler Screening and Lot Conformance 
Types-JAN, JANTX, JANTXV 4N47, 4N48, 4N49 (Concluded) 


MIL-STD-750 JANTXV | JANTX] JAN 
SCREEN CONDITION 
METHOD REQ. REQ. | REQ. 


Group C (every six months) 


Group C-1: LTPD = 15 
Physical Dimensions 


Group C-2: LTPD = 10 
Thermal Shock 
Terminal Strength 


Condition A 
Condition E 


Hermetic Seal 


Condition G or H 
Condition C or D 


Fine Leak 


Gross Leak 


Moisture Resistance 
External Visual 
Electrical Endpoints 


Group C-3: LTPD = 10 
Shock 


1500 G, Aq, V1. Yo 
Orientations 


Vibration 
Acceleration 


50 G Non-operating 
30000 G, X1, Y1, Y2 
Orientations 


Electrical Endpoints 


Group C-4: LTPD = 15 
Salt Atmosphere 


Group C-6 LTPD = 5 
Steady State 


Vcc = 20 Vdc, 

VceE = 10+5 Vde 

PT = 275+25 mW @ 

TA = 25°C 

IF = 20 mA, t = 1000 Hrs 


Operating Life 


Electrical Endpoints 
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Optocoupler Screening and Lot Conformance 
Types-JAN, JANTX, JANTXV 4N22, 4N23, 4N24 
JAN, JANTX, JANTXV 4N22A, 4N23A, 4N24A 


MIL-STD-750 JANTXV | JANTX 
SCREEN CONDITION 
METHOD REQ. REQ. 
1. Internal Visual 2072 Per 4.5.1 of 19500/486A 100% 
(Pre Cap) Inspection 
2. High Temp 1032 t = 72 Hrs @ 100% | 100% 
(Stabilization Bake) Ta = 126°C 


JAN 


3. Thermal Shock 1051 tmin = —55°C, 10 Cycles 100% | 100% 
[S. Interim Electrical |__| 100% Read and Record | 100% | 100% 


6. High Temperature 1039 Condition At = 96 Hrs @ 100% | 100% 
O 


TA = 125°C 
Interim Electrical Lt Read and Record 100% 100% 


Vcp = 20 Volts, IF = O 

rp teri i 

8. Power Burn-in 1039 Vcc = 20 Vdc, 100% | 100% 
Vce = 10+5 Vdc 
PT = 275+25 mW @ 100% | 100% 
Ta = 25°C 
l-F = 40 mA, t = 168 Hrs 


9. Interim Electrical Read and Record 100% 100% _ 
Subgroups 2 & 3 100% 100% | 100% 
Table | of 486A 


Reverse Bias 


| 22, 
mi 


10. Hermetic Seal 1071 
Condition G or H 100% 100% 
Gross Leak Condition C or D 100% 100% 


11. Monitored Temp Sweep Paragraph 4.6.3 of 100% 100% 
19500/486A 


12. External Visual Exam 2071 ~=«i i  ssistsissssss 100% | 100% | 100% 


Quality Conformance 
2071 100% | 100% | 100% 
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Fine Leak 


Inspection 
Group A: LTPD = 5 


Subgroup 1 of 
Table | of 486A 


External Visual 
JAN LTPD = 10 
JANTX, JANTXV 
LTPD = 7 


Optocoupler Screening and Lot Conformance 
Types-JAN, JANTX, JANTXV 4N22, 4N23, 4N24 
JAN, JANTX, JANTXV 4N22A, 4N23A, 4N24A (Continued) 


MIL-STD-750 JANTXV | JANTX| JAN 
SCREEN CONDITION 
METHOD REQ. 
Electrical: Ta = 25°C As Needed | Subgroups 2, 3, 4 
116/0 Table | of 486A 


Electrical: Ta = 100°C As Needed | Subgroup 5 of 
116/0 Table | of 486A 


Electrical: Ta As Needed | Subgroup 6 of 
116/0 Table | of 486A 


Group B: 


Group B-1: LTPD 
Solderability 


10 Sec Dwell Time 
1/16 Inch from Case 
Condition B 25 Cycles 
Total Test Time = 72 Hrs 
Max 
Condition A 


Thermal Shock 
(Temp Cycle) 


Thermal Shock 
(Glass Strain) 
Hermetic Seal 


Condition G or H 
Condition C or D 


Fine Leak 


Gross Leak 


Moisture Resistance 
Electrical Endpoints 


Group B-2: LTPD = 10 
Shock 


1500 G, Aq, ¥4, ¥2 
Orientations 


Vibration 
Acceleration 


50 G Non-operating 
30000 G, X14, Y1, Y2 
Orientations 


Electrical Endpoints 
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Optocoupler Screening and Lot Conformance 
Types-JAN, JANTX, JANTXV 4N22, 4N23, 4N24 
JAN, JANTX, JANTXV 4N22A, 4N23A, 4N24A (Continued) 


MIL-STD-750 JANTXV | JANTX| JAN 
SCREEN CONDITION 
METHOD REQ. 
Group B-3: LTPD = 
Isolation Voltage Vio = 150 V @ 


Ta = 125°C, t = 24 Hrs 
Electrical Endpoints 4.4.3.1 of 19500/486A 


Group B-4: 
JAN LTPD = 7 
JANTX, JANTXV 
LTPD = 5 
High-Temperature Life - 125°C, t = 340 Hrs 


(Non-operating) 
Electrical Endpoints 


Group B-5: 
JAN LTPD = 7 
JANTX, JANTXV 
LTPD = 5 
Steady State Vcc = 20 Vdc, 
Vce = 10+5 Vde 
Operating Life PT = 275+25 mW @ 
TA = 25°C 
IF = 20 mA, t = 340 Hrs 
Electrical Endpoints 


Group C (every six months) 


Group C-1: LTPD = 10 
Barometric Pressure 8MM Hg t = 60 seconds 
Vio = 400 Vdc 


Group C-2: LTPD = 10 
Physical Dimensions 


Group C-3: LTPD = 10 
Resistance to Solvents MIL-STD-202 Method 215 


Group C-4: LTPD = 10 
Terminal Strength Condition E 


Group C-5: LTPD = 10 
Salt Atmosphere 
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Optocoupler Screening and Lot Conformance 
Types-JAN, JANTX, JANTXV 4N22, 4N23, 4N24 
JAN, JANTX, JANTXV 4N22A, 4N23A, 4N24A (Concluded) 


semen [vernon | —_conomon | "neo nea | eo. 
SCREEN CONDITION 
METHOD REQ. REQ. | REQ. 
Group C-6: 

JAN LTPD = 7 

JANTX, JANTXV 

LTPD = 5 
High-Temperature Life Ta = 125°C, t = 1000 Hrs 
(Non-operating) 


Electrical Endpoints 


Group C-7: 
JAN LTPD = 7 
JANTX, JANTXV 
LTIPD = & 
Steady State Vcc = 20 Vdc, 
Vce = 10+5 Vdc 
Operating Life PT = 275+25 mW @ 
Ta = 25°C 
IF = 20 mA, t = 1000 Hrs 
Electrical Endpoints 
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GLOSSARY 


INTRODUCTION 


This glossary contains letter symbols, abbreviations, terms, and definitions commonly used 
with optoelectronic coupler devices. Most of the information was obtained from JEDEC Standard 
No. 77. 


Symbols and Abbreviations 


IC(off) Off-state collector current 
IC(on) On-state collector current 
ID Dark current 

IF Forward current 

IR Reverse current 

IRED Infrared-emitting diode 

td Delay time 

tf Fall time 

tf Radiant pulse fall time 

tr Radiant pulse rise time 

ty Rise time 

ts Storage time 

tw Pulse duration 

VE Forward voltage 

VR Reverse voltage 
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Off-State Collector Current [IC(of¢)] (of an Optocoupler) 


The output current when the input current is zero. 


On-State Collector Current [IC(on)] (of an Optocoupler) 
The output current when the input current is above the threshold level. 
NOTE: An increase in the input current will usually result in a corresponding increase 
in the on-state collector current. 

Optocoupler (Optically Coupled Isolator, Photocoupler) 


A device designed for the transformation of electrical signals by utilizing optical 
radiant energy so as to provide coupling with electrical isolation between the input 
and the output. 


GRAPHIC SYMBOL: 


NOTE: As manufactured by Texas Instruments, these devices consist of a gallium 
arsenide infrared emitting diode and a silicon phototransistor and provide high- 
voltage isolation between separate pairs of input and output terminals. 


Optoelectronic Device 


A device that is responsive to or that emits or modifies coherent or noncoherent 
electromagnetic radiation in the visible, infrared, and/or ultraviolet spectral regions; 
or a device that utilizes such electromagnetic radiation for its internal operation. 


Photodiode 


A diode that is intended to be responsive to radiant energy. 


So 


GRAPHIC SYMBOL: 


NOTE: The photodiode is characterized by linearity between the input radiation 
and the output current. It has faster switching speeds than a phototransistor. 


9-34 


Photon 
A quantum (the smallest possible unit) of radiant energy; a photon carries a quantity 
of energy equal to Planck’s constant (6.6262 X 10-34 joule/hertz) times the 
frequency. 

Phototransistor 
A bipolar transistor that is intended to be responsive to radiant energy. 


GRAPHIC SYMBOL: 


~S 


NOTE: The base region may or may not be brought out as an external terminal. 


Reverse Current (Ip) 


The current through a semiconductor diode when the n-region (cathode) is at a 
positive potential with respect to the p-region (anode). 


Reverse Voltage (Vp) 


The voltage across a semiconductor diode associated with the flow of reverse 
current. The n region is at a positive potential with respect to the p-region. 


Rise Time (t,) 


The time duration during which the leading edge of a pulse is increasing from 10% 
to 90% of its maximum amplitude. 


Storage Time (ts) 


The time interval from a point at which the trailing edge of the input pulse has 
dropped to 90% of its maximum amplitude to a point at which the trailing edge 
of the output pulse has dropped to 90% of its maximum amplitude. 
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TERMS AND DEFINITIONS 


Dark Current (Ip) 
The current that flows through a photosensitive device in the dark condition. 


NOTE: The dark condition is attained when the electrical parameter under 
consideration approaches a value that cannot be altered by further irradiation 
shielding. 

D-C Transfer Ratio (of an Optocoupler) 


The ratio of the dc output current to the dc input current. 


Delay Time (tg) 


The time interval from the point at which the leading edge of the input pulse has 
reached 10% of its maximum amplitude to the point at which the leading edge of 
the output pulse has reached 10% of its maximum amplitude. 


Fall Time (t¢) 


The time duration during which the trailing edge of a pulse is decreasing from 90% 
to 10% of its maximum amplitude. 


Forward Current (IF) 


The current through a semiconductor diode when the p-region (anode) is at a positive 
potential with respect to the n-region (cathode). 


Forward Voltage (VF) 


The voltage across a semiconductor diode associated with the flow of forward 
current. The p-region is at a positive potential with respect to the n-region. 


Infrared Emission 


Radiant energy that is characterized by wavelengths longer than visible red, i.e., 
about 0.78 um to 100 um. 


Infrared-Emitting Diode (IRED) 


A diode capable of emitting radiant energy, in the infrared region of the spectrum, 
resulting from the recombination of electrons and holes. 


GRAPHIC SYMBOL: 
Na 
Na 
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UNITS OF MEASUREMENT 


Unit Symbol Note 

ampere* A 

degree Celsius* "| 

farad* F 

inch in 1 in = 2.54 cm (exactly) 
kelvin * K Formerly °K, degree Kelvin 
ohm* () 

second” S 

volt* V 

watt* W 


* International System (SI) units. 


METRIC MULTIPLIERS 


Many of the preceding unit symbols can be combined with the metric multipliers that follow. 


Symbol Prefix Multiple 
G giga 109 
M mega 106 
k kilo 103 
h hecto 102 
da deka 10 
d deci 10-1 
* centi 10-2 
m milli 10-3 
U micro 10-6 
N nano 10-9 
p pico 16-12 
f femto 10-19 
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JM38510 
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JM38510 
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JM38510 


Texas Instruments devices marked JM38510, and presented in Bold type, are qualified and 
have government endorsement under MIL-M-38510. These products are in full compliance with 
the military detail specifications and are listed on the Qualified Products List (QPL). They are 
produced in DESC certified production facilities. This section contains cross references for both 
Class B and Class S qualifications. 


PART NUMBER CROSS-REFERENCE GUIDE 


Example: 5400 TTL NAND gate in ceramic dual-in-line package to JM38510 Class B with 
standard solder dipped leads. 


DEVICEt 
LEAD 
FINISH 


DEVICE 
PACKAGE 


MILITARY PART NO. 
ORDER AS: 


OR:8 


CASE OUTLINE 


JAN 38510 TI JAN 38510 TI 
CODE APP/C DESCRIPTION CODE |CODE APP/C DESCRIPTION CODE 
14-pin F/P 24-pin F/P 
1/4” x 1/4" NA 3/8" x 5/8” Ww 


B F-3 14-pin F/P L D-9 24-pin C-DIP 

3/16” x 1/4” WA (300 mil) JT 
C D-1  14-pin C-DIP J M A-3. 12-pincan(TO-101) NA 
D F-2  14-pin F/P P D-4 = 8-pin C-DIP JG 

1/4” x 3/8” W Q  ..D-5 40-pin C-DIP JD 
E D-2 16-pin C-DIP J R.~°..D-8 20-pin C-DIP J 
F F-5 16-pin F/P S F-9 20-pin F/P 

1/4” x 3/8" W 1/4” x 1/2" W 
G A-1 = 8-pin can (TO-99) L V D-6 18-pin C-DIP NA 
H F-4 10-pin F/P W D-7 22-pin C-DIP NA 

1/4” x 1/4" NA 2 C-2 20-pad Sq 
| A-2. 10-pin can (TO-100) NA Chip Carrier FD/FK 
J 24-pin C-DIP J 3 C-4 28-pad Sq 

gt: Chip Carrier 


tSolder dip lead finish normally supplied by TI. 

*Lead finish designators: A = solder tip, B = tin plate, C = gold plate. 

8A letter from DESC-ECS (MF-MISC) received in January 1990 announced the intention of implementing a new part 
numbering system on JM38510 Slash Sheets generated after January 2, 1990. Existing Slash Sheets will remain 
marked with the “JM38510” part number unless the Slash Sheet is revised, at which time the new system will be used. 
Note that this change has not been incorporated into MIL-M-38510 at the time of development of this document. 
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JM38510 INTEGRATED CIRCUITS AND GENERIC TYPE 
CROSS-REFERENCE 


Military Military 


Generic/ 
Industry no. 


Generic/ 
Industry no. 


Device Type 
JM38510/ 


Device Type 
JM38510/ 


00101 
00102 
00103 
00104 
00105 
00106 
00107 
00108 
00109 


00201 
00202 
00203 
00204 
00205 
00206 
00207 


00301 
00302 
00303 


00401 
00402 
00403 
00404 


00501 
00502 
00503 
00504 


00601 
00602 
00603 
00604 


00701 
00801 
00802 


00803 
00804 
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00805 


00901 
00902 
00903 
00904 
00905 
00906 


01001 
01002 
01003 
01004 
01005 
01006 
01007 
01008 
01009 


01101 
01101 
01102 
01102 


01201 
01202 
01203 
01204 
01205 


01301 
01302 
01303 
01304 
01305 
01306 
01307 
01308 
01309 


01401 
01402 
01403 


5426 


5495 
5496 
54164 
54165 
54194 
54195 


5442 
5443 
5444 
5445 
54145 
5446 
5447 
5448 
5449 


54181 
9341 
54182 
9342 


54121 
54122 
54123 
9601 
9602 


5492 
5493 
54160 
54163 
54162 
54161 
5490 
54192 
54193 


54150 
9312 
54153 


JM38510 INTEGRATED CIRCUITS AND GENERIC TYPE 
CROSS-REFERENCE 


WHIEARY Generic/ vunlitary Generic/ 
uevies yee Industry no pevibe Tipe Industry no 
JM38510/ JM38510/ 

01404 9309 02301 54H30 
01405 9322 02302 54H20 
01405 54157 02303 54H10 
01406 54151 02304 54H00 

02305 54H04 
01501 5475 02306 54H01 
01502 5477 02307 54H22 
01503 9308 
01503 54116 02401 54H40 
01504 9314 

02501 54L90 
01601 5408 02502 54L93 
01602 5409 02503 54L193 

02504 93L10 
01701 54174 02505 93L16 
01702 54175 

02601 54L86 
01801 54170 

02701 54L02 
01901 54180 

02801 54L95 
02001 54L30 02802 54L164 
02002 54L20 02803 93L28 
02003 54L10 02804 93L00 
02004 54L00 02805 76L70 
02005 54L04 
02006 54L03 02901 54L42 
02006 54L01 02902 54L43 

02903 54L44 
02101 54L71 02904 54L46 
02102 54L72 02905 54L47 
02103 54L73 02906 76L42A 
02104 54L78 02907 93L01 
02105 54L74 

03001 930 
02201 54H72 03002 940 
02202 54H73 03002 935 

03003 936 
02003 54H74 03004 946 
02204 54H76 03005 962 
02205 54H101 
02206 54H103 03101 932 

03102 944 
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JM38510 INTEGRATED CIRCUITS AND GENERIC TYPE 
CROSS-REFERENCE 


Military Military 
Device Type 
JM38510/ 


Generic/ 
Industry no. 


Generic/ 
Industry no. 


Device Type 
JM38510/ 


03103 
03104 
03105 


03201 


03301 
03302 
03303 
03304 


03501 


04001 
04002 
04003 
04004 
04005 


04101 
04102 
04103 


04201 
04202 


04301 


04401 


04501 
04502 


04601 
04602 
04603 


05001 
05002 
05003 
05051 
05052 
05053 
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g57 
958 
933 


951 


945 
948 
950 
9093 


MH0026 


54H50 
54H51 
54H53 
54H54 
54H55 


54L51 
54L54 
54L55 


54L121 
54L122 


93L18 


93L24 


93L14 
93L08 


93L09 
93L12 
S3L22 


4011A 
4012A 
4023A 
4011B 
4012B 
4023B 


05101 
05102 
05103 
05151 
05152 
05153 
05201 
05202 
05203 
05204 
05251 
05252 
05253 
05254 


05301 
05302 
05303 
05304 
05351 
05352 
05353 
05354 


05401 
05451 


05501 
05502 
05503 
05504 
05505 
05551 
05552 
05553 
05554 
05555 


05601 
05602 
05603 
05604 
05605 


4013A 
4027A 
4043A 
4013B 
4027B 
4043B 
4000A 
4001A 
4002A 
4025A 
4000B 
4001B 
4002B 
4025B 


4007A 
4019A 
4030A 
4048A 
4007UB 
4019B 
4030B 
4048B 


4008A 
4008B 


4009A 
4010A 
4049A 
4050A 
4041A 
4009UB 
4010B 
4049UB 
4050B 
4041UB 


4017A 
4018A 
4020A 
4022A 
4024A 


JM38510 INTEGRATED CIRCUITS AND GENERIC TYPE 
CROSS-REFERENCE 


Military Military 


. Generic/ ‘ Generic/ 
pinball Industry no Mavice lype Industry no 
JM38510/ JM38510/ 

05651 4017B 06302 10525 
05652 4018B 
05653 4020B 07001 54S00 
05654 4022B 07002 54S03 
05655 4024B 07003 54S04 

07004 54S05 
05701 4006A 07005 54S10 
05702 4014A 07006 54S20 
05703 4015A 07007 54S22 
05704 4021A 07008 54S30 
05705 4031A 07009 545133 
05706 4034A 
05751 4006B 07101 54S74 
05752 4014B 07102 54S112 
05753 4015B 07103 54$113 
05754 4021B 07104 54S114 
05755 4031B 07105 54S174 
05756 4034B 07106 54S175 
05801 4016A 07201 54S40 
05802 4066A 
05851 4016B 07301 54S02 
05852 4066B 

07401 54$51 
05901 4028A 07402 54S64 
05951 4028B 

07501 54S86 
06001 10501 07502 54$135 
06002 10502 
06003 10505 07601 54S 194 
06004 10506 07602 54S195 
06005 10507 
06006 10509 07701 54S138 

07702 54$139 
06101 10531 
06102 10631 07801 54S181 
06103 10576 07802 54S 182 
06104 10535 

07901 54S151 
06201 10504 07902 54S 153 
06202 10597 07903 54S157 

07904 54S158 
06301 10524 07905 54S251 
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JM38510 INTEGRATED CIRCUITS AND GENERIC TYPE 
CROSS-REFERENCE 


Military Military 


; Generic/ ; Generic/ 
ewe tie Industry no. pence Tye Industry no 
JM38510/ JM38510/ 
07906 54S257 10506 5045 
07907 54$258 10507 5046 
07908 54S 253 10508 5047 
08001 54S11 10601 LM102 
08003 54508 10602 LM110 
10603 LH2110 
08101 545140 
10701 LM109 
08201 54S85 10702 78M05 
10703 78M 12 
10101 741A 10704 78M 15 
10102 747A 10705 78M24 
10103 LM101A 10706 LM140K-05 
10104 LM108A 10706 7805 
10105 LH2101A 10707 LM140K-12 
10106 LH2108A 10707 7812 
10107 LM118 10708 LM140K-15 
10108 1558 10708 7815 
10709 LM140K-24 
10201 LM723 10709 7824 
10301 710 10801 3018A 
10302 711 10802 3045 
10303 LM106 
10304 LM111 10901 555 
10305 LH2111 10902 556 
10903 557 (| source = 60 mA) 
10401 55107A 
10402 55108A 11001 LM148 
10403 55114 11002 LM149 
10403 9614 11003 4741, 4156 
10404 55115 11004 4136 
10404 9615 11005 LM124 
10405 55113 
10406 7831 11101 DG181A 
10407 7832 11102 DG182A 
11103 DG184A 
10501 5040 11104 DG185A 
10502 5041 11105 DG187A 
10503 5042 11106 DG188A 
10504 5043 11107 DG190A 
10505 5044 11108 DG191A 
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JM38510 INTEGRATED CIRCUITS AND GENERIC TYPE 
CROSS-REFERENCE 


Military Military 


: Generic/ ; Generic/ 
Hevne type Industry no. pavied lype industry no 
JM38510/ JM38510/ 
11201 LM139 11705 LM150K 
11202 LM193 11706 LM138K 
11301 DAC-08 11801 79MG 
11302 DAC-08A 11802 79G 
11803 LM137H 
11401 LFTS5 11804 LM137K 
11402 LF156 
11403 LPioy 11901 061 
11404 LF155A 11902 062 
11405 LF156A 11903 064 
11406 LF157A 11904 071 
11904 771 
11501 LM120H-05 11904 Lrist 
11501 79MO05 11905 072 
11502 LM120H-12 11905 772 
11502 79M12 11905 LFi5s 
11503 LM120H-15 11906 074 
11503 79M15 11906 774 
11504 LM120H-24 11906 LF147 
11504 79M24 
11505 LM120K-05 12001 5200 
11505 7905 12002 5203 
11506 LM120K-12 12003 5201 
11506 7912 12004 5204 
11507 LM120K-15 12005 5202 
11507 7915 12006 5205 
11508 LM120K-24 12007 5206 
11508 7924 12008 5207 
12009 5210 
11601 300 12010 5213 
11602 301 12011 5211 
11603 avez 12012 5214 
11604 303 12013 5212 
11605 304 12014 5215 
11606 305 12015 5216 
11607 306 12016 5217 
11608 307 
12101 562 
11701 78MG 12102 563 
11702 78G 12103 565 
11703 LM117H 12104 566 
11704 LM117K 
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JM38510 INTEGRATED CIRCUITS AND GENERIC TYPE 
CROSS-REFERENCE 


Military 


Device Type 
JM38510/ 


12201 
12202 
12203 


12204 
12205 
12206 


12301 
12302 


12401 
12402 
12403 
12404 
12405 
12406 


12501 
12502 


12601 


12701 
12702 
12703 
12704 
12705 
12706 
12707 


12801 
12802 


12901 
12902 
12903 
12904 
12905 
12906 
12907 
12908 
12909 
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Generic/ 
Industry no. 


2700 
2600 
2620 


2500 
2510 
2520 


200 
201 


LM199A 
LM129A 
REF10 
LM199A 
LM129A 
REF10 


198 
5537 


1524 


7523 
7520 
7521 
7541 
1020 
1220 
1218 


5845S 
584T 


55450 
55451B 
55452B 
55453B 
55454B 
55460 
55461 
55462 
55463 


Military 


Device Type 
JM38510/ 


12910 


13001 
13002 
13003 


13101 
13102 


13301 


13401 


13501 
13502 
13503 
13504 
13505 


13601 
13601 
13602 
13602 


13701 
13702 
13703 


13801 
13802 
13803 


13901 
13902 
13903 


14001 
14002 
14003 
14004 
14005 
14006 


Generic/ 
Industry no. 


55464 


55325 
55326 
55327 


5534A 
5532A 


561 
ADC571 


OP-07A 
OP-07, 714 
OP-27A 
OP-227A 
OP-37A 


2700 
R675B-4 
2702 
R675B-3 


DAC87 (Hybrid) 
DAC87 (Monolithic) 
DAC87 (Hybrid) 


VFC32 
VFC320 
AD 650 


534T 
5345S 
5325S 


574AU monolithic 
574AT monolithic 
574AU hybrid 
574AT hybrid 
674AU monolithic 
674AT monolithic 


JM38510 INTEGRATED CIRCUITS AND GENERIC TYPE 
CROSS-REFERENCE 


Military Military 


Generic/ 
Industry no. 


Generic/ 
Industry no. 


Device Type 
JM38510/ 


Device Type 
JM38510/ 


14103 


14301 


14401 
14801 


15001 
15002 


15101 
15102 
15103 


15201 
15201 
15202 
16203 
15204 
15205 
15206 
15206 


15301 
15302 


15501 
15502 
15503 
15504 


15601 
15602 
15603 
15701 


15801 
15802 


15901 
15902 


2003 


5245S 


AD558T 


TL431 


5485 
9324 


5413 
5414 
54132 


54154 
9311 
54155 
54156 
8250 
8251 
8252 
9301 


54125 
54126 


54H08 
54H11 
54H21 
54H08 


54147 
54148 
9318 
9338 


9321 
9317 


9300 
9328 


16001 


16101 


16201 


16301 
16302 
16303 
16304 


17001 
17002 
17003 


17101 
17102 
17103 


17201 
17202 
17203 
17204 


17301 
17302 
17303 
17304 
17305 


17401 
17402 
17403 
17404 


17501 
17502 
17503 
17504 
17505 


17601 
17602 


9334 


5432 


5428 


54365 
54366 
54367 
54368 


4081B 
4082B 
4073B 


4071B 
4072B 
4075B 


4085B 
4086B 
4070B 
4077B 


4514B 
4515B 
4532B 
4555B 
4556B 


4069UB 


40107B 
4502B 
40109B 


4076B 
4095B 
4096B 
4098B 
40174B 


4099B 
4508B 
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JM38510 INTEGRATED CIRCUITS AND GENERIC TYPE 
CROSS-REFERENCE 


Military Military 


; Generic/ : Generic/ 
ae ee Industry no peviee Tipe Industry no 
JM38510/ JM38510/ 

17701 4093B 20402 93446 
17702 40106B 

20601 7642 
17801 4067B 20601 5352-1 
17802 4097B 20601 825136 
17803 40257B 20601 93452 

20602 7643 
19001 506 20602 5353-1 
19001 6116 20602 82S137 
19002 506A 20602 93453 
19003 507 20603 7644 
19003 6216 
19004 507A 20701 7602 
19005 508A 20701 5330 
19006 509A 20701 82S$23 
19007 508 20702 7603 
19007 6108 20702 5331 
19008 509 20702 82S$123 
19008 6208 

20801 7640 
20101 HPROM-0512 20801 5340-1 
20101 MCM5303 20801 825140 
20102 MCM5304 20801 93438 

20802 5341-1 
20201 IM5603A 20802 54S474 
20202 IM5623 20802 7641 

20802 825141 
20301 7610 20802 93448 
20301 5300-1 20803 825115 
20301 82S126 20804 5348-1 
20301 93417 20805 5349-1 
20302 7611 
20302 5301-1 20901 53S480 
20302 54S$287 20901 7684 
20302 82S129 20901 7738184 
20302 93427 20901 825184 
20401 7620 20902 29651 
20401 5303-1 20902 53S841 
20401 825130 20902 7685 
20401 93436 20902 778185 
20402 7621 20902 82S185 
20402 5306-1 20903 275180 
20402 82S131 20903 7738180 
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JM38510 INTEGRATED CIRCUITS AND GENERIC TYPE 
CROSS-REFERENCE 


Military Military 


: Generic/ ; Generic/ 
Hewes lyPe Industry no. Powe Type Industry no 
JM38510/ JM38510/ 
20903 7680 21201 93Z665-70 
20903 5380-2 21201 93Z667-70 
20903 825180 21202 82HS641A-55 
20903 93450 21202 93Z665-55 
20904 278181 21202 93Z667-55 
20904 778181 21203 93Z665-50 
20904 29631 21203 93Z667-50 
20904 7681 21204 82HS641-45 
20904 5381-2 21204 93Z665-45 
20904 825181 21204 93Z667-45 
20904 93451 21901 6654 
20905 82S2708 
20905 93461 22001 2708 
20906 93460 
20907 538840 22101 2716 
20908 53S841 
20908 29651 22201 2532 
21001 778190 22401 27256-250 
21001 76160 22402 27256-200 
21001 533 1680 22403 27256-170 
21001 825190 
21002 778191 22601 NMC2816 
21002 932511 
21002 2735191 22701 X2816A-45 
21002 28S166A 22702 X2816A-35 
21002 76161 22703 X2816A-30 
21002 53S 1681 22704 X2816A-25 
21002 82S191 
21002 3636 22801 X2864A-45 
21002 29681 22802 X2864A-35 
21003 932510 22803 X2864A-30 
21004 93Z511 22804 X2864A-25 
21004 28S 166A 22805 X2864A-35 
21005 76165 22806 X2864A-25 
22807 2864-350 
21101 82HS321A 22808 2864-250 
21102 82HS321A 22809 2864H-250 
21102 76321 22810 5564-250 
21102 53$3281 22811 5564-250 
21102 29671 
23001 93410 

21201 82HS641A-70 23002 93421 
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JM38510 INTEGRATED CIRCUITS AND GENERIC TYPE 
CROSS-REFERENCE 


Military Military 


Generic/ 
Industry no. 


Generic/ 
Industry no. 


Device Type 
JM38510/ 


Device Type 
JM38510/ 


23003 93411 23602 MKB4096 (85°C MAX) 
23004 93L420 23603 MCM6605 (100°C MAX) 
23604 MCM6604A (100°C MAX) 
23101 93415 23604 MKB4096 (100°C MAX) 
60 ns (twHac = 5Ns, 
tavw_ = 15 ns) 23701 AM9130CFC 
23102 93425 23702 AM9130AFC 
60 ns (twHac = 5Ns, 23703 AM9130CFM 
tavw_ = 15 ns) 23703 AM9130CDM 
23103 93L415 70 ns 23704 AM9130ADM 
23104 93L425 70 ns 23704 AM9130AFM 
23105 93415 23705 AM91L30CF 
60 ns (twHac = 10 ns, 23706 AM91L30AF 
tavw_ = 10 ns) 23707 AM91L30CFM 
23106 93425 23707 AM91L30CDM 
60 ns (twHac = 10 ns, 23708 AM91L30AFM 
tavwit = 10 ns) 23708 AM91L30ADM 
23107 93415 45 ns 23709 AM9140CFC 
23107 82S10 45 ns 23710 AM9140AFC 
23108 93425A 45 ns 23711 AM9140CFM 
23108 82511 45 ns 23711 AM9140CDM 
23109 93412 60 ns 23712 AM9140AFM 
23110 93422 60 ns 23712 AM9140ADM 
23111 93L412 75 ns 25713 AM91L40CFC 
Zatz 93L422 75 ns 23714 AM91L40AFC 
23113 93L425A 50 ns 23715 AM91L40CFM 
23114 93422A 45 ns Zot 15 AM91L40CDM 
23115 93L422A 55 ns 23716 AM91L40AFM 
23716 AM91L40ADM 
23201 93419 
23801 2147 
23301 93470 23802 2114 
23302 93471 23803 2147H 
23804 2114A 
23501 TMS4060 (85°C MAX) 23805 2147H-3 
23502 TMS4050 (85°C MAX) 23806 2148H 
23503 TMS4060 (100°C MAX) 23807 2147H-2 
23504 TMS4050 (100°C MAX) 
23505 MM5280 (85°C MAX) 23901 6508 
23506 MM5280 (100°C MAX) 23901 54C929 
25902 6518 
23601 MCM6605 (85°C MAX) 23902 54C930 
23602 MCME6604A (85°C MAX) 


10-14 


JM38510 INTEGRATED CIRCUITS AND GENERIC TYPE 
CROSS-REFERENCE 


ue mary Generic/ ii Una Generic/ 
PEvicd type Industry no Bete Tie Industry no 
JM38510/ JM38510/ 
24001 2117 25002 MKB4501-80 
(200 ns access time) 25002 70412-10 
24001 4116 25003 MKB4501-88 
(200 ns access time) 
24002 2117 28901 70147 
(250 ns access time) 28902 70148 
24002 4116 28903 2147 
(250 ns access time) 28904 2148 
24003 2117 
(200 ns page mode 29101 6116,65162 
operation guaranteed) 29102 6516 
24003 4116 29103 65262 
(200 ns page mode 29104 6116,65162 
operation guaranteed) 29105 6116,65162 
29106 51C67 
24401 2164 (1 ms refresh) 29106 61CD16 
24401 4564 (1 ms refresh) 
24401 6665 (1 ms refresh) 29201 7187S55 
24401 8264 (1 ms refresh) 29201 99C641-55 
24402 2164 (2 ms refresh) 29202 7187S45 
24402 4564 (2 ms refresh) 29202 99C641-45 
24402 6665 (2 ms refresh) 29203 7187L55 
24402 8264 (2 ms refresh) 29203 99CL641-55 
24403 6665 (2 ms refresh) 29204 7187L70 
24403 4564 (2 ms refresh) 29204 99CL641-70 
24403 2164 (2 ms refresh) 29205 65642 
24403 8264 (2 ms refresh) 29206 65643 
24501 6504 30001T 54LS00tT 
24502 6514 30002T 54LS03tT 
30003T 54LS04t 
24601 M41256P-12 30004 54LS05 
24601 M1T1257-12 30005t 54LS10t 
24602 M41256P-15 30006 54LS12 
24602 MT1257-15 30007T 54LS20t 
24603 M41256N-12 30008 54LS22 
24603 MT1259-12 30009T 54LS30tT 
24604 M41256N-15 
24604 MT1259-15 30101T 54LS73At 
30102T 54LS74At 
25001 MKB4501-81 30103T 54LS112At 
25001 7C0412-12 30104 54LS113A 


t JM38510 Class S qualified in addition to Class B. 


JM38510 INTEGRATED CIRCUITS AND GENERIC TYPE 


CROSS-REFERENCE 


Military 


Device Type 
JM38510/ 


30105 
30106T 
30107T 
30108 
30109T 
30110T 


30201T 
30202T 
30203T 
30204 


30301T 
30302T 
30303 


30401T 
30401 
30402T 
30402 


30501T 
30502T 


30601T 
30602 
30603 
30604 
30605T 
30606 
30607 
30608T 
30609 


30701T 
30702 
30703 
30704 
30801 


30901T 


t JM38510 Class S qualified in addition to Class B. 
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Generic/ 


industry no. 


54LS114A 
54LS174t 
54LS175t 
54LS107A 
54LS109AT 
54LS76AT 


54LS40T 
54LS37T 
54LS38T 
54LS28 


54LS02T 
54LS27T 
54LS266 


54LS51T 
9LS51 
54LS54T 
9LS54 


54LS32T 
54LS86AT 


54LS194AT 
54LS195A 
54LS95B 
54LS96 
54LS164T 
54LS295B 
54LS395A 
54LS165AT 
54LS166A 


54LS138T 
54LS139 
54LS42 
54LS47 
54LS181 


54LS151T 


Military 


Device Type 
JM38510/ 


30902T 
30903T 
30904T 
30905T 
30906T 
30907 

30908T 
30909 


31001T 
31002 
31003 
31004T 
31005 


31101T 


31201 
31202T 


31301 
31302 
31303 


31401T 
31402T 
31403 


31501T 
31502T 
31503T 
31504T 
31505 
31506 
31507 
31508T 
31509T 
31510 
31511 
31512T 
31513T 


Generic/ 
industry no. 


54LS153t 
54LS157T 
54LS158t 
54LS251t 
54LS257Bt 
54LS258B 
54LS253t 
54LS298 


54LS11T 
54LS15 
54LS21 
54LS08t 
54LS09 


54LS85t 


54LS83A 
54LS283t 


54LS13 
54L$14 
54LS132 


54LS123t 
54LS221t 
54LS122 


54LS90T 
54LS93t 
54LS160AT 
54LS161AT 
54LS168 
54LS169A 
54LS192 
54LS193t 
54LS191t 
54LS92 
54LS162A 
54LS163AT 
54LS190T 


JM38510 INTEGRATED CIRCUITS AND GENERIC TYPE 


CROSS-REFERENCE 


Military 


Vevice Type 
JM38510/ 


31601 
31602 
31603 
31604 
31605t 


31801 


31901 
31902 


32001 
32002 
32003 
32004 


32102T 


32201 

32202T 
32203T 
32204T 


32301 
32302 


32401t 
32402 
32403T 
32404 
32405 


32501T 
32502T 
32503T 
32504T 


32601T 
32602 


32701 
32702t 


tJM38510 Class S qualified in addition to Class B. 


Generic/ 


Industry no. 


54LS75 
54LS279A 
54LS259 
54LS375 
54LS259Bt 


54LS261 


54LS670 
54LS170 


54LS196 
54LS197 
54LS290 
54LS293 


54LS26t 


54LS365A 

54LS366AT 
54LS367AT 
54LS368AT 


54LS125A 
54LS126A 


54LS240t 
54LS241 
54LS244T 
54LS540 
54LS541 


54LS273t 
54LS373T 
54LS374t 
54LS377t 


54LS155At 
54LS156. 


54LS390 
54LS393t 


Military 


Device Type 
JM38510/ 


32703 


32801 
32802 
32803T 
32804 
32805 


32901T 


33001 
33002T 
33003 
33004 


33106 
33107 


33201T 
33202T 
33203 


33301 


33401 


33501 


33601 


33701 
33702 


33801 
33802 
33803 
33804 


33901 
33902 
33903 
33904 


Generic/ 
Industry no. 


54LS490 


54LS242 
54LS243 
54LS245t 
54LS646 
54LS648 


54LS280t 


54F00 
54F04T 
54F10 
54F20 


25LS174 
25LS175 


54F240t 
54F241T 
54F244 


54F02 


54F64 


54F32 


54F194 


54F138 
54F139 


54F181 
54F182 
54F381 
54F382 


54F151 
54F153 
54F157 
54F158 


JM38510 INTEGRATED CIRCUITS AND GENERIC TYPE 


CROSS-REFERENCE 


Military 


: Generic/ ; Generic/ 
Pevice Wee Industry no pemind Tipe Industry no 
JM38510/ JM38510/ 

33905 54F251 34901 54F280 
33906 54F257 
33907 54F258 35001 54F398 
33908 54F253 35002 54F399 
33909 54F352 
33910 54F353 35101 54F365 
34001 54F08 35201 54F37 
34002 54F11 35202 54F38 
35203 54F40 
34101 54F74 
34102 54F109 36001T 54LS148t 
34103 54F112 36002 54LS348 
34104 54F175 
34105t 54F374t 36101T 54LS173At 
34106 54F534 
34107 54F174 37001T 54ALSO0AT 
37002t 54ALS10At 
34201 54F283 37003t 54ALS20At 
37004t 54ALS30At 
34301 54F161A 35005t 54ALS133t 
34302 54F163A 37006T 54ALS04Bt 
34303 54F191 
34304 54F193 37101T 54ALS74At 
37102T 54ALS109AT 
34401 54F160A 37103t 54ALS112At 
34402 54F162A 37104t 54ALS574At 
34403 54190 37105 54ALS576 
34404 54F192 37106 54ALS874 
37107 54ALS876 
34501 54F86 
37201Tt 54ALS174t 
34601 54F373 37202t 54ALS175t 
34602 54F533 37203t 54ALS373t 
34603 54F563 37204t 54ALS374t 
34604 54F573 
37301T 54ALS02t 
34701 54F521 37302t 54ALS27t 
34801 54F242 37401T 54ALS08t 
34802 54F243 37402t 54ALS11At 
34803t 54F245t 


t JM38510 Class S qualified in addition to Class B. 


10-18 


Military 


JM38510 INTEGRATED CIRCUITS AND GENERIC TYPE 


CROSS-REFERENCE 


Military 


Military 


. Generic/ ‘ Generic/ 
pave lips Industry no. Pevioe Type Industry no 
JM38510/ JM38510/ 
37501T 54ALS32T 38501 54ALS640B 
38502 54ALS641 
37601 54ALS299 38503 54ALS642 
37602 54ALS323 38504 54ALS643 
38505 54ALS645 
37701T 54ALS138T 38506 54ALS242 
38507 54ALS243 
37901 54ALS857 
40001 6800 
38001T 54ALS161Bt 
38002T 54ALS163Bt 40101 MC6821 
38003T 54ALS169Bt 
38004 54ALS561 40201 6810 
38005 54ALS569 
40301 2316E 
38101 54ALS160 40301 2616 
38102 54ALS162 40301 3016E 
38103 54ALS168 40301 9218 
38104 54ALS560 40301 $6831B 
38105 54ALS568 40301 MK34000 
40301 52116 
38201T 54ALS573Bt 40301 68A316E 
38202 54ALS580 
38203 54ALS873 42001 8080A 
38204 54ALS880 
42101 8212 
38301T 54ALS240AT 42101 54$412 
38302tT 54ALS241AtT 
38303T 54ALS244AT 42201 8224 
38401T 54ALS1000AT/54ALS37 42301 8228 
38402T 54ALS1002AT/54ALS28 
38403 54ALS1003/54ALS38 44001 2901B 
38404 54ALS1008 
38405 54ALS1010 44101 2905 
38406 54ALS1011 44102 2906 
38407T 54ALS1020AT/54ALS40 44103 2907 
38408 54ALS1032 44104 2915 
38409 54ALS1004 44105 2916 
38410 54ALS1005 44106 2917 
38411T 54ALS1034t 
38412 54ALS1035 44201 2918 


t JM38510 Class S qualified in addition to Class B. 
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JM38510 INTEGRATED CIRCUITS AND GENERIC TYPE 
CROSS-REFERENCE 


Military Military 


Generic/ 
Industry no. 


Generic/ 
Industry no. 


Device Type 
JM38510/ 


Device Type 
JM38510/ 


46001 


46501 


47001 


47101 
47102 


47201 


47301 


47401 


47601 
47602 


48001 
48002 
48003 


48101 
48102 


48201 
48202 


48301 
48302 


48401 
48402 


49001 
49002 


50001 
50002 
50003 
50004 
50005 
50006 


10-20 


9900A 


SBP9989 


1802D 


1821 
1822 


1832 


1852 


1853 


1856 
1857 


Z-80ACPU 
Z-80CPU 
Z-80BCPU 


Z-80AS10/2 
Z-80510/2 


Z-80ADMA 
Z-80DMA 


Z80ACTC 
Z80CTC 


Z80AP10 
Z80P10 


8048 
8035L 


TDC1008JM 
TDC1009JM 
TDC1010JM 
MPY-8HJM 

MPY-12HJM 
MPY-16HJM 


50201 
50201 
50202 
50202 


50301 
50302 
50303 
50304 
50305 
50306 
50307 
50308 
50309 


50401 
50402 
50403 
50404 
50405 
50406 
50407 
50408 
50409 
50410 


50501 
50502 
50503 
50504 


50601 
50602 
50603 
50604 
50605 
50606 
50607 
50608 
50609 
50610 
50611 
50612 


825101 
93458 
825100 
93459 


PAL10H8 
PAL12H6 
PAL14H4 
PAL16H2 
PAL16C1 
PAL10L8 
PAL12L6 
PAL14L4 
PAL16L2 


PAL16L8A 
PAL16R8A 
PAL16R6A 
PAL16R4A 
PAL16X4 
PAL16A4 
PAL16L8A-2 
PAL16R8A-2 
PAL16R6A-2 
PAL16R4A-2 


PAL20L8A 
PAL20R8A 
PAL20R6A 
PAL20R4A 


PAL16L8-20 
PAL16R8-20 
PAL16R6-20 
PAL16R4-20 
PAL16L8-30 
PAL16R8-30 
PAL16R6-30 
PAL16R4-30 
PAL16L8-15 
PAL16R8-15 
PAL16R6-15 
PAL16R4-15 


JM38510 INTEGRATED CIRCUITS AND GENERIC TYPE 
CROSS-REFERENCE 


Military Military 


Generic/ 
Industry no. 


Generic/ 
Industry no. 


Device Type 
JM38510/ 


Device Type 
JM38510/ 


52001 
52002 
52003 
52004 


53001 


54001 
54002 


55501 


60001 
60002 
60003 


60501 
60502 
60503 
60504 
60505 
60506 


61001 
61002 
61003 


61501 
61502 


61503 
61601 
63001 
65001T 
65002T 
65003T 


65004T 
65005 


t JM38510 Class S qualified in addition to Class B. 


Z8001CPU 
Z8002CPU 
Z8001ACPU 
Z8002ACPU 


8086 


MC68000-6 
MC68000-8 


UT1553BRT1 


GateArray 
GateArray 
GateArray 


GateArray 
GateArray 
GateArray 
GateArray 
GateArray 
GateArray 


6564-1 
6564-2 
6564-3 


1HC3425 
1HC3435 


1HC3450 
1HC38 
BFRP10 
54HCOOT 
54HC10T 
54HC20T 


54HC30T 
54HC132 


65101T 
65102T 
65103T 
65104T 
65105 


65201T 
65202t 
65203T 
65204T 


65301 

65302T 
65303 

65304T 
65305T 
65306T 
65307T 
65308T 
65352T 


65401 
65402T 
65403T 
65404 
65405 
65406T 
65453T 


65501 
65502 
65503T 
65506 
65507 
65508 
65509 
65553T 


65601T 
65602T 
65603 

65604T 


54HCO2t 
54HC27t 
54HC266t 
54HC4002t 
54HC7266 


54HC32t 
54HC86T 
54HCO8t 
54HC11T 


54HC73 
54HC74t 
54HC107 
54HC109T 
54HC112T 
54HC173t 
54HC174t 
54HC175t 
54HCT74t 


54HC75 
54HC259T 
54HC373T 
54HC533 
54HC563 
54HC573tT 
54HCT373t 


54HC242 
54HC243 
54HC245t 
54HC640 
54HC643 
54HC646 
54HC648 
54HCT245t 


54HC273T 
54HC374T 
54HC377 

54HC574t 


JM38510 INTEGRATED CIRCUITS AND GENERIC TYPE 


CROSS-REFERENCE 


Military 


Device Type 
JM38510/ 


65605 
65606 
65652T 


65701T 
65702tT 
65703T 
65704T 
65705t 
65706T 
65707 
65708t 
65709T 
65710tT 
65711T 
65712 
65713 
65751 
65752 
65753 
65754 
65755t 
65760T 
65761t 


65801 
65802t 
65803T 
65804 
65805 
65852T 
65853 


66301 
66302t 
66303 
66304T 
66305 
66306 
66307 
66308 
66309T 


tJM38510 Class S qualified in addition to Class B. 


10-22 


Generic/ 


Industry no. 


54HC534 
54HC564 
54HCT374t 


54HCO4T 
54HC14t 
54HC240T 
54HC241t 
54HC244t 
54HC365t 
54HC366 
54HC367t 
54HC368t 
54HC540t 
54HC541t 
54HC4049 
54HC4050 
54HCT04 
54HCT14 
54HCT240 
54HCT241 
54HCT244t 
54HCT540t 
54HCT541t 


54HC42 
54HC138t 
54HC139T 
65HC154 
54HC238 
54HC138t 
54HCT139 


65HC160 
54HC16T 
54HC162 
54HC163T 
54HC191 
54HC192 
54HC193 
54HC390 
54HC393T 


Military 


Device Type 
JM38510/ 


66310 
66311 
66312 
66313 


Generic/ 
Industry no. 


54HC4017 
54HC4020 
54HC4024 
54HC4040 


JM38510 INTEGRATED CIRCUITS AND GENERIC TYPE 
CROSS-REFERENCE 


Military Military 


Device Type* Rens ner Device Type* ; aed 
JM38510/ y no. JM38510/ iia Salle 
65504 54HC620 66701 54HC283 
65505 54HC623 

66801 54HC280 

65901 54HC123 
65902 54HC221 
66001 54HC147 
66002 54HC148 
66101 54HC85 
66102 54HC682 
66103 54HC684 
66104 54HC686 
66105 54HC688 
66201 54HC151 
66202 54HC153 
66203 54HC157 
66204 54HC158 
66205 54HC251 
66206 54HC253 
66207 54HC257 
66208 54HC354 
66209 54HC356 
66314 54HC4520 
66401 54HC590 
66402 54HC592 
66403 54HC593 
66501 54HC164 
66502 54HC165 
66503 54HC166 
66504 54HC194 
66505 54HC195 
66506 54HC299 
66507 54HC595 
66508 54HC597 
66601 54HC670 


*Tentative Assignments 


10-23 


GENERIC TYPE AND JM38510 DEVICE CROSS-REFERENCE GUIDE 


Generic/ wl nary Generic/ vu ary 
Industry no. pawns iypa Industry no. pec sah 
JM38510/ JM38510/ 
061 11901 2117 24001 
062 11902 2117 24002 
064 11903 2117 24003 
071 11904 2147 23801 
072 11905 2147 28903 
074 11906 2147H 23803 
198 12501 2147H-2 23807 
1020 12705 2147H-3 23805 
1218 12707 2148 28904 
1220 12706 2148H 23806 
1524 12601 2164 24401 
1558 10108 2164 24402 
1802D 47001 2164 (2 ms refresh) 24403 
1821 47101 2316E 40301 
1822 47102 2500 12204 
1832 47201 2510 12205 
1852 47301 2520 12206 
1853 47401 2532 22201 
1856 47601 25LS174 33106 
1857 47602 25LS175 33107 
10501 06001 2600 12202 
10502 06002 2616 40301 
10504 06201 2700 12201 
10505 06003 2702 13602 
10506 06004 2708 22001 
10507 06005 2716 22101 
10509 06006 27256-170 22403 
10524 06301 27256-200 22402 
10525 06302 27256-250 22401 
10531 06101 2620 12203 
10535 06104 275180 20903 
10576 06103 2735181 20904 
10597 06202 278191 21002 
10631 06102 2864-250 22808 
1HC3425 61501 2864-350 22807 
1HC3435 61502 2864H-250 22809 
1HC3450 61503 28S 166A 21002 
1HC38 61601 28S 166A 21004 
200 12301 2901B 44001 
200 12303 2905 44101 
201 12302 2906 44102 
201 12304 2907 44103 
2003 14103 2915 44104 
2114 23802 2916 44105 
2114A 23804 2917 44106 


10-24 


GENERIC TYPE AND JM38510 DEVICE CROSS-REFERENCE GUIDE 


Military 
Device Type 
JM38510/ 


Military 
Device Type 
JM38510/ 


Generic/ Generic/ 


Industry no. Industry no. 


2918 
29631 
29651 
29651 
29671 
29681 
300 
301 
302 
303 
304 
305 
306 
307 
3018A 
3045 
3516E 
3636 
4000A 
4000B 
4001A 
4001B 
4002A 
4002B 
4006A 
4006B 
4007A 


4007UB 


4008A 
4008B 
4009A 


4009UB 


4010A 
4010B 
4011A 
4011B 
4012A 
4012B 
4013A 
4013B 
4014A 
4014B 
4015A 
4015B 
4016A 


44201 
20904 
20902 
20908 
21102 
21002 
11601 
11602 
11603 
11604 
11605 
11606 
11607 
11608 
10801 
10802 
40301 
21002 
05201 
05251 
05202 
05252 
05203 
05253 
05701 
05751 
05301 
05351 
05401 
05451 
05501 
05551 
05502 
05552 
05001 
05051 
05002 
05052 
05101 
05151 
05702 
05752 
05703 
05753 
05801 


4016B 
4017A 
4017B 
4018A 
4018B 
4019A 
4019B 
4020A 
4020B 
4021A 
4021B 
4022A 
4022B 
4023A 
4023B 
4024A 
4024B 
4025A 
4025B 
4027A 
4027B 
4028A 
4028B 
4030A 
4030B 
4031A 
4031B 
4034A 
4034B 
4041A 


4041UB 


4043A 
4043B 
4048A 
4048B 
4049A 


4049UB 


4050A 
4050B 
4066A 
4066B 
4067B 


4069UB 


4070B 
4071B 


05851 
05601 
05651 
05602 
05652 
05302 
05352 
05603 


~ 05653 


05704 
05754 
05604 
05654 
05003 
05053 
05605 
05655 
05204 
05254 
05102 
05152 
05901 
05951 
05303 
05353 
05705 
05755 
05706 
05756 
05505 
05555 
05103 
05153 
05304 
05354 
05503 
05553 
05504 
05554 
05802 
05852 
17801 
17401 
17203 
17101 


10-25 


GENERIC TYPE AND JM38510 DEVICE CROSS-REFERENCE GUIDE 


Military 
Device Type 
JM38510/ 


Military 
Device Type 
JM38510/ 


Generic/ Generic/ 


Industry no. Industry no. 


4072B 
4073B 
4075B 
4076B 
4077B 
4081B 
4082B 
4085B 
4086B 
4093B 
4095B 
4096B 
4097B 
4098B 
4099B 
4116 

4116 

4116 

4136 

4156 

4502B 
4508B 
4514B 
4515B 
4532B 
4555B 
4556B 
4564 

4564 


4564 (2 ms refresh) 


4741 
40106B 
40107B 
40109B 
40174B 
40257B 
506 
506A 
507 
507A 
508 
508A 
509 
509A 
51C67 


10-26 


17102 
17003 
17103 
17501 
17204 
17001 
17002 
17201 
17202 
17701 
17502 
17503 
17802 
17504 
17601 
24001 
24002 
24003 
11004 
11003 
17403 
17602 
17301 
17302 
17303 
17304 
17305 
24401 
24402 
24403 
11003 
17702 
17402 
17404 
17505 
17803 
19001 
19002 
19003 
19004 
19007 
19005 
19008 
19006 
29106 


5245S 
5325S 
5345 
534T 
Boo 


*555 (Isource = 60 mA) 


556 
561 
562 
563 
565 
566 
584S 
584T 
5040 
5041 
5042 
5043 
5044 
5045 
5046 
5047 
5200 
5201 
5202 
5203 
5204 
5205 
5206 
5207 
5210 
5211 
52116 
5212 
5213 
5214 
5215 
5216 
5217 
5300-1 
5301-1 
5303-1 
5306-1 
5330 
5331 


14301 
13903 
13902 
13901 
10901 
10903 
10902 
13301 
12101 
12102 
12103 
12104 
12801 
12802 
10501 
10502 
10503 
10504 
10505 
10506 
10507 
10508 
12001 
12003 
12005 
12002 
12004 
12006 
12007 
12008 
12009 
12011 
40301 
12013 
12010 
12012 
12014 
12015 
12016 
20301 
20302 
20401 
20402 
20701 
20702 


GENERIC TYPE AND JM38510 DEVICE CROSS-REFERENCE GUIDE 


Generic/ pavery Generic/ malicary 
Industry no. pavice Iype Industry no. Device Type 
JM38510/ JM38510/ 
5340-1 20801 5445 01004 
5341-1 20802 5446 01006 
5348-1 20804 5447 01007 
5349-1 20805 5448 01008 
5352-1 20601 5449 01009 
5353-1 20602 5450 00501 
5380-2 20903 5451 00502 
5381-2 20904 5453 00503 
53S480 20901 5454 00504 
538840 20907 5470 00206 
538841 20902 5472 00201 
538841 20908 5473 00202 
53S 1680 21001 5474 00205 
53S 1681 21002 5475 01501 
53S$3281 21102 5476 00204 
5400 00104 5477 01502 
5401 00107 5479 00207 
5402 00401 5480 00604 
5403 00109 5482 00601 
5404 00105 5483 00602 
5405 00108 | 5485 15001 
5406 00801 5486 00701 
5407 00803 5490 01307 
5408 01601 5492 01301 
5409 01602 5493 01302 
5410 00103 5495 00901 
5412 00106 5496 00902 
5413 15101 54107 00203 
5414 15102 54116 01503 
5416 00802 54121 01201 
5417 00804 54122 01202 
5420 00102 54123 01203 
5423 00402 54125 15301 
5425 00403 54126 15302 
5426 00805 54132 15103 
5427 00404 54145 01005 
5428 16201 54147 15601 
5430 00101 54148 15602 
5432 16101 54150 01401 
5437 00302 54151 01406 
5438 00303 54153 01403 
5440 00301 54154 15201 
5442 01001 54155 15202 
5443 01002 54156 15203 
5444 01003 54157 01405 


10-27 


GENERIC TYPE AND JM38510 DEVICE CROSS-REFERENCE GUIDE 


Military 
Device Type 
JM38510/ 


Military 
Device Type 
JM38510/ 


Generic/ Generic/ 


Industry no. Industry no. 


54160 
54161 
54162 
54163 
54164 
54165 
54170 
54174 
54175 
54180 
54181 
54182 
54190 
54192 
54193 
54194 
54195 
54365 
54366 
54367 
54368 
54ALSO0AT 
54ALS02t 
54ALSO04Bt 
54ALS08t 
54ALS10AT 
54ALS11AT 
54ALS20AT 
54ALS27t 
54ALS28 
54ALS30AT 
54ALS32t 
54ALS37 
54ALS38 
54ALS40 
54ALS74At 
54ALS109AT 
54ALS112At 
54ALS133T 
54ALS138T 
54ALS160 
54ALS161Bt 
54ALS162 
54ALS163Bt 


t JM38510 Class S qualified in addition to Class B. 


10-28 


01303 
01306 
01305 
01304 
00903 
00904 
01801 
01701 
01702 
01901 
01101 
01102 
34403 
01308 
01309 
00905 
00906 
16301 
16302 
16303 
16304 
37001T 
37301t 
37006T 
37401T 
37002t 
37402tT 
37003T 
37302t 
38402 
37004t 
37501T 
38401 
38403 
38407 
37101T 
37102T 
37103T 
37005t 
37701T 
38101 
38001T 
38102 
38002T 


54ALS168 
54ALS169Bt 
54ALS174t 
54ALS175t 
54ALS240AT 
54ALS241AT 
54ALS242 
54ALS243 
54ALS244At 
54ALS299 
54ALS323 
54ALS373t 
54ALS374T 
54ALS560 
54ALS561 
54ALS568 
54ALS569 
54ALS573Bt 
54ALS574At 
54ALS576 
54ALS580 
54ALS640B 
54ALS641 
54ALS642 
54ALS643 
54ALS645 
54ALS857 
54ALS873 
54ALS874 
54ALS876 
54ALS880 
54ALS1000AT 
54ALS1002At 
54ALS1003 
54ALS1004 
54ALS1005 
54ALS1008 
54ALS1010 
54ALS1011 
54ALS1020At 
54ALS1032 
54ALS1034t 
54ALS1035 
54C929 


38103 
38003T 
37201T 
37202t 
38301T 
38302T 
38506 
38507 
38303T 
37601 
37602 
37203T 
37204t 
38104 
38004 
38105 
38005 
38201T 
37104t 
37105 
38202 
38501 
38502 
38503 
38504 
38505 
37901 
38203 
37106 
37107 
38204 
38401T 
38402T 
38403 
38409 
38410 
38404 
38405 
38406 
38407T 
38408 
38411T 
38412 
23901 


GENERIC TYPE AND JM38510 DEVICE CROSS-REFERENCE GUIDE 


industry no. 


10-29 


Generic/ 


54C930 
54F00 
54F02 
54F04T 
54F08 
54F10 
54F11 
54F20 
54F32 
54F37 
54F38 
54F40 
54F64 
54F74 
54F86 
54F109 
54F112 
54F138 
54F139 
54F151 
54F153 
54F157 
54F 158 
54F160A 
54F161A 
54F162A 
54F163A 
54F191 
54F192 
54F193 
54F174 
54F175 
54F181 
54F182 
54F194 
54F240T 
54F241 
54F242 
54F243 
54F244 
54F245T 
54F251 
54F253 
54F257 


t JM38510 Class S qualified in addition to Class B. 


Military 


Device Type 
JM38510/ 


23902 
33001 
33301 
33002T 
34001 
33003 
34002 
33004 
33501 
35201 
35202 
35203 
33401 
34101 
34501 
34102 
34103 
33701 
33702 
33901 
33902 
33903 
33904 
34401 
34301 
34402 
34302 
34303 
34404 
34304 
34107 
34104 
33801 
33802 
33601 
33201T 
33202 
34801 
34802 
34203 
34803T 
33905 
33908 
33906 


Generic/ 


Industry no. 


54F258 
54F280 
54F283 
54F352 
54F353 
54F365 
54F373 
54F374t 
54F381 
54F382 
54F398 
54F399 
54F521 
54F533 
54F534 
54F563 
54F573 
54HO00 
54H01 
54H04 
54H08 
54H08 
54H10 
54H11 
54H20 
54H21 
54H22 
54H30 
54H40 
54H50 
54H51 
54H53 
54H54 
54H55 
54H72 
54H73 
54H74 
54H76 
54H101 
54H103 
54HCOOT 
54HCO02T 
54HCO4t 
54HCO8T 


Military 
Device Type 
JM38510/ 


33907 
34901 
34201 
33909 
33910 
35101 
34601 
34105T 
33803 
33804 
35001 
35002 
34701 
34602 
34106 
34603 
34604 
02304 
02306 
02305 
15501 
15504 
02303 
T5502 
02302 
15503 
02307 
02301 
02401 
04001 
04002 
04003 
04004 
04005 
02201 
02202 
02203 
02204 
02205 
02206 
65001T 
65101T 
65701T 
65203T 


GENERIC TYPE AND JM38510 DEVICE CROSS-REFERENCE GUIDE 


Generic/ mney Generic/ ee 
Industry no. Mewive pe Industry no. Pavion Type 
JM38510/ JM38510/ 
54HC10T 65002t 54HC374t 65602T 
54HC11T 65204t 54HC377 65603 
54HC14t 65702t 54HC390 66308 
54HC20t 65003T 54HC393 66309 
54HC27t 65102T 54HC533 65404 
54HC30T 65004T 54HC534 65605 
54HC32t 65201T 54HC540T 65710t 
54HC42 65801 54HC541t 65711T 
54HC73 64301 54HC563 65405 
54HC74t 65302t 54HC564 65606 
54HC75 65401 54HC573t 65406T 
54HC86t 65202t 54HC574t 65604t 
54HC107 65303 54HC640 66506 
54HC109T 65304T 54HC643 66507 
54HC112t 65305T 54HC646 66508 
54HC132 65005 54HC648 66509 
54HC138T 65802T 54HC4002t 65104tT 
54HC139T 65803T 54HC4017 66310 
54HC154 65804 54HC4020 66311 
54HC160 66301 54HC4024 66312 
54HC161T 66302T 54HC4040 66313 
54HC162 66303 54HC4049 65712 
54HC163tT 66304T 54HC4050 65713 
54HC173T 65306T 54HC7266 65105 
54HC174t 65307t 54HCT04 65751 
54HC175t 65308T 54HCT 14 65752 
54HC191 66305 54HCT74t 65352T 
54HC192 66306 54HCT 138t 65852tT 
54HC193 66307 54HCT 139 65853 
54HC238 65805 54HCT240 65753 
54HC240t 65703t 54HCT 241 65754 
54HC241t 65704t 54HCT244t 65755t 
54HC242 65501 54HCT245t 65553t 
54HC243 65502 54HCT373t 65453tT 
54HC244t 65705T . 54HCT374t 65652tT 
54HC245t 65503T 54HCT540t 65760T 
54HC259T 65402t 54HCT541¢ 65761tT 
54HC266T 65103T 54L00 02004 
54HC273t 65601T 54L01 02006 
54HC365t 65706t 54L02 02701 
54HC366 ~ 65707 54L03 02006 
54HC367t 65708t 54L04 02005 
54HC368t 65709T 54L10 02003 
54HC373t 65403T 54L20 02002 


10-30 


t JM38510 Class S qualified in addition to Class B. 


Generic/ 
Industry no. 


54L30 
54L42 
54L43 
54L44 
54L46 
54L47 
54L51 
54L54 
54L55 
54L71 
54L72 
54L73 
54L74 
54L78 
54L86 
54L90 
54L93 
54L95 
541121 
54L122 
54L164 
54L193 
54LS00t 
54LS02t 
54LS03t 
54LS04t 
54LS05 
54LS08t 
54LS09 
54LS10T 
54LS11T 
54LS12 
54LS$13 
54LS14 
54LS15 
54LS20T 
54LS21 
54LS22 
54LS26t 
54LS27t 
54LS28 
54LS30T 
54LS32t 
54LS37t 


t JM38510 Class S qualified in addition to Class B. 


Military 


Device Type 
JM38510/ 


02001 
02901 
02902 
02903 
02904 
02905 
04101 
04102 
04103 
02101 
02102 
02103 
02105 
02104 
02601 
02501 
02502 
02801 
04201 
04202 
02802 
02503 
30001T 
30301Tt 
30002T 
30003T 
30004 
31004T 
31005 
30005T 
31001T 
30006 
31301 
31302 
31002 
30007T 
31003 
30008 
32102t 
30302t 
30204 
30009T 
30501T 
30202T 


Generic/ 


Industry no. 


54LS38t 
54LS40t 
54LS42 
54LS47 
54LS51T 
54LS54t 
54LS73AT 
54LS74At 
54LS75 
54LS76At 
54LS83A 
54LS85t 
54LS86At 
54LS90T 
54LS92 
54LS93t 
54LS95B 
54LS96 
54LS107A 
54LS109AT 
54LS112AtT 
54LS113A 
54LS114A 
54LS122 
54LS123t 
54LS125A 
54LS126A 
54L$132 
54LS138t 
54LS139 
54LS148t 
54LS151t 
54LS153T 
54LS155At 
54LS156 
54LS157t 
54LS158t 
54LS160AT 
54LS161AT 
54LS162A 
54LS163AT 
54LS164t 
54LS165At 
54LS166AT 


GENERIC TYPE AND JM38510 DEVICE CROSS-REFERENCE GUIDE 


Military 
Device Type 
JM38510/ 


30203t 
30201T 
30703 
30704 
30401T 
30402t 
30101T 
30102t 
31601 
30110T 
31201 
31101T 
30502t 
31501T 
31510 
31502t 
30603 
30604 
30108 
30109T 
30103T 
30104 
30105 
31403 
31401T 
32301 
32302 
31303 
30701T 
30702 
36001T 
30901T 
30902t 
32601T 
32602 
30903T 
30904T 
31503T 
31504T 
31511 
31512T 
30605T 
30608T 
30609T 
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GENERIC TYPE AND JM38510 DEVICE CROSS-REFERENCE GUIDE 


Generic/ 


Industry no. 


Military 
Device Type 
JM38510/ 


Generic/ 
Industry no. 


Military 
Device Type 
JM38510/ 


10-32 


54LS168 
54LS169A 
54LS170 
54LS173AT 
54LS174t 
54LS175t 
54LS181 
54LS190T 
54LS191t 
54LS192 
54LS193T 
54LS194AT 
54LS195A 
54LS196 
54LS197 
54LS221T 
54LS240t 
54LS241 
54LS242 
54LS243 
54LS244T 
54LS245t 
54LS251T 
54LS253t 


54LS257Bt 


54LS258B 
54LS259 
54LS259Bt 
54LS261 
54LS266 
54LS273t 
54LS279A 
54LS280T 
54LS283T 
54LS290 
54LS293 
54LS295B 
54LS298 
54LS348 
54LS365A 
54LS366AT 
54LS367AT 
54LS368AT 
54LS373t 


t JM38510 Class S qualified in addition to Class B. 


31505 
31506 
31902 
36101T 
30106T 
30107T 
30801 
31513T 
31509T 
31507 
31508T 
30601T 
30602 
32001 
32002 
31402t 
32401T 
32402 
32801 
32802 
32403T 
32803T 
30905T 
30908T 
30906T 
30907 
31603 
31605T 
31801 
30303 
32501T 
31602 
32901T 
31202T 
32003 
32004 
30606 
30909 
36002 
32201 
32202T 
32203T 
32204T 
32502T 


54LS374t 
54LS375 
54LS377T 
54LS390 
54LS393t 
54LS395A 
54LS424 
54LS428 
54LS490 
54LS540 
54LS541 
54LS646 
54LS648 
54LS670 
54S00 
54S02 
54S03 
54S04 
54S05 
54S08 
54509 
54S10 
54S11 
54S$15 
54S20 
54S22 
54S30 
54540 
54S51 
54S64 
54565 
54874 
54S85 
54886 
54$112 
545113 
545114 
54S 133 
54S 134 
54S$135 
54$138 
54$139 
545140 
54$151 


32503T 
31604 
32504T 
32701 
32702t 
30607 
42201 
42301 
32703 
32404 
32405 
32804 
32805 
31901 
07001 
07301 
07002 
07003 
07004 
08003 
08004 
07005 
08001 
08002 
07006 
07007 
07008 
07201 
07401 
07402 
07403 
07101 
08201 
07501 
07102 
07103 
07104 
07009 
07010 
07502 
07701 
07702 
08101 
07901 


GENERIC TYPE AND JM38510 DEVICE CROSS-REFERENCE GUIDE 


Military 
Device Type 
JM38510/ 


Military 
Device Type 
JM38510/ 


Generic/ 
Industry no. 


Generic/ 


Industry no. 


54S 153 
54S 157 
54S 158 
54S174 
54S175 
54S181 
54S 182 
54S 194 
545195 
54S$251 
54$253 
54S257 
545258 
54S287 
545288 
545412 
54S472 
545473 
548474 
545475 
54S570 
54S571 
54S572 
54S573 
55107A 
55108A 
55113 
55114 
55115 
55325 
55326 
55327 
5532A 
5534A 
5537 
55450 
55451B 
55452B 
55453B 
55454B 
55460 
55461 
55462 
55463 
55464 


07902 
07903 
07904 
07105 
07106 
07801 
07802 
07601 
07602 
07905 
07908 
07906 
07907 
20302 
20702 
42101 
20805 
20804 
20802 
20801 
20401 
20402 
20601 
20603 
10401 
10402 
10405 
10403 
10404 
13001 
13002 
13003 
13102 
13101 
12502 
12901 
12902 
12903 
12904 
12905 
12906 
12907 
12908 
12909 
12910 


574AT hybrid 
574AT monolithic 
574AU hybrid 
574AU monolothic 


5564-250 
5564-250 


6108 
6116 
6116 
6116 
6116 
6208 
6216 
6504 
6508 
6514 
6516 
65162 
65162 
65162 
6518 
65262 
6564-1 
6564-2 
6564-3 
65642 
65643 
6654 
6665 
6665 
6665 


6665 (2 ms refresh) 
6665 (2 ms refresh) 
674AU monolothic 
674AT monolithic 


6800 
6810 


68A316E 


710 
711 
714 
7187L55 
7187L70 
7187545 


14004 
14002 
14003 
14001 


22810 
22811 
19007 
19001 
29101 
29104 
29105 
19008 
19003 
24501 
23901 
24502 
29102 
29101 
29104 
29105 
23902 
29103 
61001 
61002 
61003 
29205 
29206 
21901 
24401 
24402 
24403 
24401 
24403 
14005 
14006 
40001 
402 

40301 
16301 
10302 
13502 
29203 
29204 
29202 
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GENERIC TYPE AND JM38510 DEVICE CROSS-REFERENCE GUIDE 


Generic/ a ey Generic/ ie ay 
Industry no. Paes pe Industry no. Meuibe ype 
JM38510/ JM38510/ 
7187855 29201 7831 10406 
723 10201 7832 10407 
741A 10101 78G 11702 
747A 10102 78MG 11701 
771 11904 78M05 10702 
Vi2 11905 78M 12 10703 
774 11906 78M15 10704 
7181 01101 78M24 10705 
7413 15101 7905 11505 
7414 15102 7912 11506 
7520 12702 7915 11507 
7521 12703 7924 11508 
7523 12701 79G 11802 
7541 12704 79MG 11801 
7602 20701 79M05 11501 
7603 20702 79M12 11502 
7610 20301 79M15 11503 
7611 20302 79M24 11504 
76160 21001 70147 28901 
76161 21002 70148 28902 
7620 20401 70412-10 25002 
7621 20402 70412-12 25001 
76321 21102 8035L 49002 
7640 20801 8048 49001 
7641 20802 8080A 42001 
7642 20601 8086 53001 
7643 20602 8212 42101 
7644 20603 8224 42201 
7680 20903 8228 42301 
7681 | 20904 8250 15204 
7684 20901 8251 15205 
7685 20902 8252 15206 
76L42A 02906 8264 24401 
76L70 02805 8264 24402 
76165 21005 8264 (2 ms refresh) 24403 
778180 20903 82HS321A 21101 
778181 20904 82HS321A 21102 
778184 20901 82HS641A 21201 
778185 20902 82HS641A-55 21202 
778190 21001 82HS641-45 21204 
778191 21002 82S10 23107 
7805 10706 82S11 23108 
7812 10707 82525 20701 
7815 10708 825100 50202 
7824 10709 825101 50201 


10-34 


GENERIC TYPE AND JM38510 DEVICE CROSS-REFERENCE GUIDE 


Generic/ eeety Generic/ ids ary 
Industry no. vevice Type Industry no. mente type 
JM38510/ JM38510/ 
825115 20803 9322 01405 
825123 20702 9324 15002 
825126 20301 9328 15902 
825129 20302 9334 16001 
835130 20401 9338 15701 
83S$131 20402 9341 01101 
825136 20601 93410 23001 
825137 20602 93411 23003 
825140 20801 93412 23109 
825141 20802 93415 23101 
825180 20903 93415 23105 
825181 20904 93415 23107 
825184 20901 93417 20301 
825185 20902 93419 23201 
825190 21001 9342 01102 
82S191 21002 93421 23002 
8252708 20905 93422 23110 
930 03001 93422A 23114 
832 03101 93425 23102 
Joo 03105 93425 23106 
935 03002 93425A 23108 
936 03003 93427 20302 
940 03002 93436 20401 
944 03102 93438 20801 
945 03301 93446 20402 
946 03004 93448 20802 
948 03302 93450 20903 
950 03303 93451 20904 
951 03201 93452 20601 
957 03103 93453 20602 
958 03104 93458 50201 
962 03005 93459 50202 
9093 03304 93460 20906 
9218 40301 93461 20905 
9300 15901 93470 23301 
9301 15206 93471 23302 
9304 00603 93510 21001 
9308 01503 93517 21002 
9309 01404 93L00 02804 
9311 15201 93L01 02907 
9312 01402 93L08 04502 
9314 01504 93L09 04601 
9317 15802 93L10 02504 
9318 15603 S3L12 04602 
9321 15801 93L14 04501 
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GENERIC TYPE AND JM38510 DEVICE CROSS-REFERENCE GUIDE 


Generic/ iéssipent Generic/ pauitary 
Industry no. Mevien lype Industry no. mania Type 
JM38510/ JM38510/ 

93L16 02505 AM91L30AFM, 
93L18 04301 AM91L30ADM 23708 
93L22 04603 AM9140CFC 23709 
93L24 04401 AM9140AFC 23710 
93L28 02803 AM9140CFM,AM9140CDM 23711 
93L412 23111 AM9140AFM,AM9140ADM 237 12 
93L415 23103 AM91L40CFC 23713 
93L420 23004 AM91L40AFC 23714 

93L422 23112 AM91L40CFM, 
93L422A 23115 AM91L40CDM 23715 

93L425 23104 AM91L40AFM, 
93L425A 23113 AM91L40ADM 23716 
932510 21003 BFRP10 63001 
932511 21002,21004 DAC-08 11301 
93Z665-45 21204 DAC-08A 11302 
93Z665-50 21203 DAC87 (hybrid) 13701 
93Z665-55 21202 DAC87 (monolithic) 13702 
93Z2665-70 21201 DAC87 (hybrid) 13703 
93Z2667-45 21204 DG181A 11101 
932667-50 21203 DG182A 11102 
93Z667-55 21202 DG184A 11103 
93Z667-70 21201 DG185A 11104 
9601 01204 DG187A 11105 
9602 01205 DG188A 11106 
9614 10403 DG190A 11107 
9615 10404 DG191A 11108 
9900A 46001 DG200 12301 
99C641-45 29202 Gate Array 60001 
99C641-55 29201 Gate Array 60002 
99CL641-55 29203 Gate Array 60003 
99CL641-70 29204 Gate Array 60501 
9LS51 30401 Gate Array 60502 
9LS54 30402 Gate Array 60503 
AD558T 14401 Gate Array 60504 
AD650 13803 Gate Array 60505 
ADC571 13401 Gate Array 60506 
AM9130CFC 23701 HPROM-0512 20101 
AM9130AFC 23702 IM5603A 20201 
AM9130CFM,AM9130CDM 23703 IM5623 20202 
AM9130AFM,AM9130ADM 23704 LP147 11906 
AM91L30CF 23705 LF151 11904 
AM91L30AF 23706 LF153 11905 
AM91L30CFM, LF155 11401 
AM91L30CDM 23707 LF155A 11404 
LF156 11402 


10-36 


Generic/ 


Industry no. 


LF156A 
LFIS? 
LF157A 
LH2101A 
LH2108A 
LH2110 
LH2111 
LM101A 
LM102 
LM106 
LM108A 
LM109 
LM110 
LM111 
LM117H 
LM117K 
LM118 
LM120H-05 
LM120H-12 
LM120H-15 
LM120H-24 
LM120K-05 
LM120K-12 
LM120K-15 
LM120K-24 
LM124 
LM129A 
LM129B 
LM137H 
LM137K 
LM138K 
LM139 
LM140H-05 
LM140H-12 
LM140H-15 
LM140H-24 
LM140K-05 
LM140K-12 
LM140K-15 
LM140K-24 
LM148 
LM149 
LM150K 
LM193 
LM199 


Military 
Device Type 
JM38510/ 


11405 
11403 
11406 
10105 
10106 
10603 
10305 
10103 
10601 
10303 
10104 
10701 
10602 
10304 
~ 11703 
11704 
10107 
11501 
11502 
11503 
11504 
11505 
11506 
11507 
11508 
11005 
12402 
12406 
11803 
11804 
11706 
11201 
10702 
10703 
10704 
10705 
10706 
10707 
10708 
10709 
11001 
11002 
11705 
11202 
12404 


Generic/ 
Industry no. 


LM199A 

LM199A-20 

LM723 

M41256N-12 
M41256N-15 
M41256P-12 
M41256P-15 

MC6821 

MC68000-6 
MC68000-8 

MCM4096 (85°C Max) 
MCM4096 (100°C Max) 
MCM5303 

MCM5304 
MCME6604A (85°C Max) 
MCME6604A (100°C Max) 
MCM6605 (85°C Max) 
MCM6605 (100°C Max) 
MHO0026 

MK34000 

MKB4096 (85°C max) 
MKB4096 (100°C max) 
MKB4501-80 
MKB4501-81 
MKB4501-88 

MM5280 (85°C max) 
MM5280 (100°C max) 
MPY-8HJM 
MPY-12HJM 
MPY-16HJM 
M1T1257-12 
MT1257-15 
MT1259-12 
MT1259-15 

NMC2816 

OP-07 

OP-07A 

OP-27A 

OP-37A 

OP-227A 

PAL10H8 

PAL10L8 

PAL12H6 

PAL12L6 

PAL14H4 


GENERIC TYPE AND JM38510 DEVICE CROSS-REFERENCE GUIDE 


Military 
Device Type 
JM38510/ 


12401 
12405 
10201 
24603 
24604 
24601 
24602 
40101 
54001 
54002 
23602 
23604 
20101 
20102 
23602 
23604 
23601 
23603 
03501 
40301 
23602 
23604 
25002 
25001 
25003 
23505 
23506 
50004 
50005 
50006 
24601 
24602 
24603 
24604 
22601 
13502 
13501 
13503 
13505 
13504 
50301 
50306 
50302 
50307 
50303 
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GENERIC TYPE AND JM38510 DEVICE CROSS-REFERENCE GUIDE 


Generic/ ponenny Generic/ Pauley 
Industry no. Bavice Type Industry no. Mavice lye 
JM38510/ JM38510/ 
PAL14L4 50308 VFC320 13802 
PAL16A4 50406 X2816A-25 22704 
PAL16C1 50305 X2816A-30 22703 
PAL16H2 50304 X2816A-35 22702 
PAL16L2 50309 X2816A-45 22701 
PAL16L8-15 50609 X2864A-25 22804 
PAL16L8-20 50601 X2864A-25 22806 
PAL16L8-30 50605 X2864A-30 22803 
PAL16L8A 50401 X2864A-35 22802 
PAL16L8A-2 50407 X2864A-35 22805 
PAL16R4A 50404 X2864A-45 22801 
PAL16R8-15 50610 Z-80 CPU 48002 
PAL16R6-15 50611 Z80 CTC 48302 
PAL16R4-15 50612 Z80-DMA 48202 
PAL16R8-20 50602 Z80-PI0 48402 
PAL16R6-20 50603 Z80-SI02 48102 
PAL16R4-20 50604 Z-80A CPU 48001 
PAL16R8-30 50606 Z80A CTC 48301 
PAL16R6-30 50607 Z80A-DMA 48201 
PAL16R4-30 50608 Z80A PIO 48401 
PAL16R4A-2 50410 Z80A-S10/2 48101 
PAL16R6A 50403 Z-80B CPU 48003 
PAL16R6A-2 50409 Z8001 CPU 52001 
PAL16R8A 50402 Z8001A CPU 52003 
PAL16R8A-2 50408 Z8002 CPU 52002 
PAL16X4 50405 Z8002A CPU 52004 
PAL20L8A 50501 
PAL20R4A 50504 
PAL20R6A 50503 
PAL20R8A 50502 
R675B-3 13602 
R675B-4 13601 
REF10 12403 
$6831B 40301 
SBP9989 46501 
TDC1008JM 50001 
TDC1009JM 50002 
TDC1010JM 50003 
TL431 14801 
TMS4050 (85°C max) 23502 
TMS4050 (100°C max) 23504 
TMS4060 (85°C max) 23501 
TMS4060 (100°C max) 23503 
UT1553BRT1 55501 
VFC32 13801 
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GENERIC TYPE AND JM38510 DEVICE CROSS-REFERENCE GUIDE 


Generic/ nary e 
Industry no. pauls type 
JM38510/ 
54HC85 66101 
54HC123 65901 
54HC147 66001 
54HC148 66002 
54HC151 66201 
54HC153 66202 
54HC157 66203 
54HC158 66204 
54HC164 66501 
54HC165 66502 
54HC166 66503 
54HC194 66504 
54HC195 66505 
54HC221 65902 
54HC238 65805 
54HC251 66205 
54HC253 66206 
54HC257 66207 
54HC280 66801 
54HC283 66701 
54HC299 66506 
54HC354 66208 
54HC356 66209 
54HC590 66401 
54HC592 66402 
54HC593 66403 
54HC595 66507 
54HC597 66508 
54HC620 65504 
54HC623 65505 
54HC670 66601 
54HC682 66102 
54HC684 66103 
54HC686 66104 
54HC688 66105 
54HC4520 66314 


* Tentative Assignments 
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DESC Drawings 


The DESC Standard Military Drawing program provides industry standard specifications in 
compliance with Class B requirements for devices that are not JM38510 qualified. Texas 
Instruments fully supports the DESC Standard Military Drawing Program. 


DESC STANDARD MILITARY DRAWING NOMENCLATURE 


Example: 5962-85155 

or 
Drawing Number ———————_ 82005 01 M F A 
Device 


Device Structure 
M = Monolithict 


Package 

A = 14-pin flatpack (1/4" x 1/4") L = 24-pin DIP (300 mil) 
B = 14-pin flatpack (3/16" x 1/4”) M = 12-pin can 

C = 14-pin DIP P = 8-pin DIP 

D = 14-pin flatpack Q = 40-pin DIP 

E = 16-pin DIP R = 20-pin DIP 

F = 16-pin flatpack S = 20-pin flatpack 
G = 8-pincan V = 18-pin DIP 

H = 10-pin flatpack W = 22-pin DIP 

| = 10-pin can 2 = 20-pad LCC 

J = 24-pin DIP 3 = 28-pad LCC 

K = 24-pin flatpack X = other packages 
Lead Finish 

A = Solder Dip 

B = Tin Plate 

C = Gold Plate 


‘A letter from DESC-ECS (MF-MISC) received in January 1990 announced the intention of implementing anew 
part numbering system on DESC SMDs generated after January 2, 1990. The new proposed marking adds a 
“M” for monolithic I/Cs. Existing SMDs will remain marked with the old part number unless the drawing is 
revised, at which time the new system will be used. This proposed change has not been incorporated into any 
military specifications at the time of publication of this document. 
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DESC 


Drawing 
Part no. 


Generic 


Part Number 


7600201 
7600301 
7600401 
7600501 
7600601 
7600701 
7600801 
7600901 
7601001 
7601101 
7601201 
7601301 
7601401 
7601501 
7601601 
7601701 
7601801 
7601901 
7602001 
7603101 
7603201 
7603301 
7603401 
7603501 
7603601 
7603701 
7603801 
7603901 
7604001 
7604101 
7604201 
7604301 
7604501 
7700101 
7700201 
7700401 
7700601 
7700701 
7700801 
7700901 
7701001 
7702001 
7702301 
7702401 
7702501 
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54LS157 
54LS122 
54LS132 
54LS138 
54LS193 
54LS139A 
54LS161A 
54LS191 
54LS151 
54LS153 
54LS75 
54LS76A 
54LS83A 
54LS197 
54L-S251 
54LS253 
54LS279A 
54LS298 
54LS26 
54LS42 
54LS90 
54LS158 
54LS163A 
54LS190 
54LS192 
54LS257 
54LS258B 
54LS123 
54S194 
54S138 
54L$221 
54LS283 
54LS47 
54LS93 
8080A 
54S$139 
54LS165A 
2901A, B 
LM139 
54LS160A 
54LS196 
4502B 
4520B 
4081B 
4094B 
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Drawing 
Part no. 


7702601 
7702701 
7702801 
7702802 
7702803 
7702804 
7702805 
7702806 
7702807 
7702808 
7702809 
7702810 
7702811 
7702812 
7702813 
7703001 
7703101 
7703201 
7703301 
7703301 
7703401 
7703402 
7703403 
7703404 
7703501 
7703601 
7703701 
7703702 
7703901 
7704001 
7704001 
7704001 
7704001 
7704003 
7704003 
7704003 
7704003 
7704004 
7704004 
7704004 
7704004 
7704005 
7704005 
7704005 
7704005 


Generic 


Part Number 


4044B 
4069B 
LM103H-1.8 
LM103H-2.0 
LM103H-2.2 
LM103H-2.4 
LM103H-2.7 
LM103H-3.0 
LM103H-3.3 
LM103H-3.6 
LM103H-3.9 
LM103H-4.3 
LM103H-4.7 
LM103H-5.1 
LM103H-5.6 
54185A 
4060A 
4515B 

3130 
CA3130B 
LM117K 
LM117HV 
LM137 
LM137HV 
4514B 
54C08 
54C85 
4585 
LM4250 
7905K 
79M05 
LM120H-5.0 
LM120K-5.0 
7912K 
79M12 
LM120H-12 
LM120K-12 
7915K 
79M15 
LM120H-15 
LM120K-15 
7924K 
79M24 
LM120H-24 
LM120K-24 
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Drawing 
Part no. 


7704101 
7704201 
7704301 
7704401 
7704501 
7704601 
7704701 
7704801 
7704901 
7705001 
7705101 
7705201 
7705201 
7705201 
7705201 
7705202 
7705202 
7705301 
7705301 
7705401 
7705501 
7705601 
7705701 
7705801 
7705901 
7706001 
7800301 
7800302 
7800303 
7800304 
7800304 
7800701 
7800801 
7800901 
7801001 
7801101 
7801201 
7801301 
7801301 
7801401 
7801501 
7801502 
7801503 
7801504 
7801601 


Generic 
Part Number 


54LS124 
54LS670 
LM124 
4078B 
4528B 
4093B 
4555B 
4556B 
55452B 
XR-2211 
4073B 
508A 
DG508A 
IH6108 
6108 
508A (0-Vprot.) 
H1508A 
201A 
DG201A 
RM4194 
4098B 
54C906 
54LS244 
4040B 
4082B 
4072B 
LM144 
HA-2640 
LM143 
MC1536B 
1536 
LM709 
0056 
10516 
54LS273 
54LS374 
54LS240 
CT50002 
LHOO02 
DG129 
27S07A 
54S189 
27S07 
27LS07 
82S141 
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7801601 
7801601 
7801601 
7801701 
7801702 
7801801 
7801901 
7802001 
7802002 
7802201 
7802202 
7802301 
7802401 
7802402 
7802601 
7802701 
7802801 
7802901 
7900801 
7900801 
7900901 
7901001 
7901101 
7901201 
7901301 
7901401 
7901501 
7901601 
7901701 
7901801 
7901901 
7902401 
7902401 
8000301 
8000302 
8000303 
8000304 
8000305 
8001201 
8001203 
8001204 
8001301 
8001301 
8001401 
8001401 


Generic 


Part Number 


5341 
7641 
93448 
2910 
2910A 
AM686 
AM687 


AM26LS32 
AM26LS33 


2516-45 


2716 (350 ns) 


AM26LS31 


54LS299 
25LS299 
54LS390 
54LS148 
SG1524 
15530-8 
55182 
7820A 
55183 
8085A 
4013B 
4021B 
4023B 
4049UB 
4052B 
4557B 
1854 
1823 
1853 
29633 
7681 
Z8001 
28002 
28001 
Z8001B 
Z8002B 
2732 
2732A25 
2732A45 
LHO032 
TPO0032 
LHO033 
TP0033 
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Part Number 
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Drawing 
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Generic 
Part Number 


Part no. 


8001601 
8001701 
8001801 
8001802 
8001901 
8002001 
8002002 
8002101 
8002201 
8002301 
8002501 
8002601 
8003701 
8004101 
8004102 
8100601,09 
8100602,10 
8100603,11 
8100604,12 
8100605,13 
8100606,14 
8100607,15 
8100608, 16 
8100609 
8100610 
8100611 
8100612 
8100613 
8100614 
8100615 
8100616 
8100801 
8100802 
8101501 
8101502 
8101601 
8101701 
8101801 
8101901 
8102001 
8102101 
8102301 
8102302 
8102303 
8102304 
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2420 


54LS166A 


54LS168 


54LS169B 


54LS09 
54LS242 
54LS243 
54LS245 
54S251 
54S258 
54LS170 
54LS261 
LM106 
7831 
7832 
5040 
5041 
5042 
5043 
5044 
5045 
5046 
5047 
5040 
5041 
5042 
5043 
5044 
5045 
5046 
5047 
AD562 
AD563 
2118 
4516 
4029B 
4035B 
4053B 
4042B 
4047B 
54LS629 
TLO61 
TLO62 
TLO64 
TLO71 


8102305 
8102306 
8102401 
8102402 
8102801 
8103501 
8103502 
8103503 
8103504 
8103505 
8103506 
8103507 
8103508 
8103509 
8103601 
8103602 
8103603 
8103604 
8103605 
8103606 
8103607 
8103608 
8103609 
8103610 
8103611 
8103612 
8103613 
8103614 
8103906 
8103907 
8103908 
8106504 
8200501 
8200502 
8200503 
8200504 
8200505 
8200701 
8200702 
8200703 
8200801 
8200901 
8200901 
8200901 
8200902 


TLO72 

TLO74 

6504 

6514 

6N134 
PAL10H8 
PAL12H6 
PAL14H4 
PAL16H2 
PAL16C1 
PAL10L8 
PAL12L6 
PAL14L4 
PAL16L2 
PAL16L8 
PAL16R8 
PAL16R6 
PAL16R4 
PAL16X4 
PAL16A4 
PAL16L8A 
PAL16R8A 
PAL16R6A 
PAL16R4A 
PAL16L8A-2 
PAL16R8A-2 
PAL16R6A-2 
PAL16R4A-2 
9128-90 
9128-12 
9128-20 
PAL16R4A-4 
2764 (450 ns) 
2764 (250 ns) 
2764A (350 ns) 
2764A (250 ns) 
2764A (200 ns) 
4167 (100 ns) 
4167 (70 ns) 
4167 (55 ns) 
76321 

27S49 
932565 
76641 
27S49A 
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8200902 
8201001,02 
8201001 
8201003 
8201006 
8201007 
8201008 
8201009 
8201010 
8202101 
8202102 
8202103 
8202201 
8202501 
8202502 
8282503 
8282504 
8282505 
8282506 
8282507 
8203601 
8203602 
8300101 
8300102 
8300201 
8300301 
8301301 
8301302 
8301501 
8301502 
8301601 
8301602 
8301701 
8301901 
8301902 
8302001 
8302002 
8302101 
8302102 
8302201 
8302202 
8302203 
8302401 
8302501 
8302502 


DESC CROSS-REFERENCE GUIDE 


Generic 
Part Number 


93Z565A 

4564 (150 ns) 
4164 

4564 (200 ns) 
4164 (150 ns) 
4164 (200 ns) 
4164 (120 ns) 
9064-15 
9064-20 
68000 (6 MHz) 
68000 (8 MHz) 
68000 (10 MHz) 
40174B 

27128 (450 ns) 
27128 (250 ns) 
27128A-20 
27128A-30 
27128A-25 
27128A-15 
27128A-11 
OP07A 

OP07 

28536 
Z8536A 
DAC87 (HYB) 
DAC87 (MONO) 
NSC800 (2.5 MHz) 
NSC800 (4 MHz) 
Z8442A 

Z8442 
Z8430A 

Z8430 
54LS154 
54ALS174 
54ALS175 
54ALS373 
54ALS374 
54ALS299 
54ALS323 
54ALS161B 
54ALS163B 
54ALS561A 
6N140A 
54ALS169B 
54ALS569A 
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8400001 
8400002 
8400101 
8400102 
8401001 
8401002 
8401101 
8401201 
8401202 
8401301 
8401302 
8403001 
8403101 
8403201 
8403202 
8403301 
8403601 
8403602 
8403603 
8403701 
8403801 
8403901 
8404001 
8404101 
8404201 
8404301 
8404401 
8404501 
8404601 
8404701 
8404801 
8405201 
8405601 
8405701 
8405901 
8406001 
8406101 
8406201 
8406401 
8406501 
8406601 
8406701 
8406801 
8406901 
8407001 


Generic 
Part Number 


54ALS109A 
54ALS112A 
54ALS574A 
54ALS576A 
54ALS874B 
54ALS876 
54ALS74A 
54ALS573B 
54ALS580A 
54ALS242B 
54ALS243A 
54ALS245A 
54ALS1034 
54ALS873B 
54ALS880 
54ALS645A 
6516-8 
65162-8 
65162C 
54HC00 
54HC10 
54HC20 
54HC30 
54HC02 
54HC27 
54HC266 
54HC4002 
54HC32 
54HC86 
54HCO08 
54HC11 
80C86 
54HC74 
2901C 
54ALS1000A 
54ALS1010A 
54ALS1004 
54HC138 
54HC147 
82C54 
82C55A 
82C82 
82C84A 
82C88 
54HC75 
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Generic 
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Generic 
Part Number 


Drawing 
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Drawing 
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8407101 
8407201 
8407301 
8407401 
8407501 
8407901 
8408501 
8408801 
8408901 
8409001 
8409101 
8409201 
8409301 
8409401 
8409501 
8409601 
8409701 
8409801 
8409901 
8410001 
8410901 
8411101 
8411102 
8411103 
8411104 
8412801 
8412901 
8412901 
8412902 
8412902 
8412903 
8412903 
8412904 
8412904 
8412905 
8412905 
8412906 
8412906 
8412907 
8412907 
8412908 
8412908 
8413201 
8413202 
8413401 
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54HC374 
54HC373 
54HC174 
54HC240 
54HC161 
54ALS162B 
54HC245 
54HC112 
54HC175 
54HC243 
54HC14 
54HC139 
54HC153 
54HC162 
54HC165 
54HC244 
54ALS1008A 
54HC04 
54HC273 
54HC393 

TL431 

27256 (350 ns) 
27256 (250 ns) 
27256 (200 ns) 
27256 (170 ns) 
54HC151 
PAL20L8A 
TIBPAL20L8-20 
PAL20R8A 
TIBPAL20R8-20 
PAL20R6A 
TIBPAL20R6-20 
PAL20R4A 
TIBPAL20R4-20 
PAL20L10A 
TIBPAL20L10-25 
PAL20X8A 
TIBPAL20X8-25 
PAL20X10A 
TIBPAL20X10-25 
PAL20X4A 
TIBPAL20X4-25 
65262 

51C67 
54ALS153 


8413501 
8413601 
8414101 
8414201 
8414301 
8414501 
8415001 
8415101 
8415201 
8415301 
8415401 
8415501 
8415601 
8416101 
8416201 
8416901 
8417901 
8417902 
8418001 
8418501 
8418601 
8418602 
8419001 
8500101 
8500201 
8500301 
8500401 
8501001 
8501002 
8501501 


5962-8501601 


8503001 
8503002 
8503003 
8503004 
8506301 
8506401 
8506402 
8506501 
8506502 
8506503 
8506504 
8508401 
8508701 
8508801 


54ALS251 
54ALS273 
54ALS151 
54ALS09 
54ALS21A 
54ALS832A 
54HC109 
54LS682 
54LS684 
54LS688 
54LS399 
54LS540 
54LS541 
54LS640 
54HC164 
9450 

8282 

8283 
LM136A 

733 

Z8420A 
28420 
8751H-8 
54HC365 
54HC367 
54HC4020 
54HC4040 
M80186 (8 MHz) 
M80186 (6 MHz) 
82C52 
82C59A 
2700 

2700 

2702 

2702 

8097 

80C31 

80C51 
PAL16L8A-4 
PAL16R8A-4 
PAL16R6A-4 
PAL16R4A-4 
54LS145 
LHO041 
LHO021 
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8508901 
8508902 
8509601 
8509701 
8510201 
8510202 
8510203 
8512401 
8512501 
8512601 
5962-8512701 
5962-8512702 
5962-8512703 
5962-8512704 
8512801 
8513001 
5962-8513101 
5962-8513102 
5962-8513103 
5962-8513104 
5962-8513105 
5962-8513106 
5962-8513301 
5962-8513501 
5962-8513502 
5962-8513503 
5962-8513504 
5962-8514801 
5962-8514802 
5962-8514901 
5962-8514902 
8515201 
8515202 
8515203 
5962-8515301 
5962-8515401 
5962-8515501 
5962-8515502 
5962-8515503 
5962-8515504 
5962-8515505 
5962-8515506 
5962-8515507 
5962-8515508 
5962-8515509 


DESC CROSS-REFERENCE GUIDE 


Generic 
Part Number 


LHO101A 
LHO101 
54ALS253 


54ALS257 
27C64-25 
27C64-35 
27C64-20 
54HC257 
54HC251 
54LS$33 

574AU 

574AT 

574AU 

574AT 
54HC573 
54HCT244 
506A 

507A 

509A 

IH5116 

IH5216 

IH5208 

80287 

27512-25 
27512-35 
27512-30 
27512-45 
M80286-8 
M80286-6 
82288-6 
82288-8 
4256-15 
4256-20 
4256-12 
54HC73 
54HC107 
TIBPAL16L8-20 
TIBPAL16R8-20 
TIBPAL16R6-20 
TIBPAL16R4-20 
TIBPAL16L8-30 
TIBPAL16R8-30 
TIBPAL16R6-30 
TIBPAL16R4-30 
TIBPAL16L8-15 


DESC 


Drawing 
Part no. 


5962-8515510 
5962-8515511 
5962-8515512 
8550001 
5962-8550101 
8550102 
8550201 
8550301 
8550401 
8550501 
8550601 
8550701 
8550801 
8551101 
8551401 
8551501 
8551701 
8551702 
5962-8551801 
5962-8551802 
8551901 
8552001 
5962-8552301 
5962-8552501 
5962-8552502 
5962-8552503 
5962-8552504 
5962-8552505 
5962-8552601 
5962-8552602 
5962-8552603 
5962-8552604 
5962-8552701 
5962-8552702 
5962-8552703 
5962-8552704 
5962-8552801 
8600801 
8600901 
8601001 
8601101 
8601201 
8601401 
8601402 
8601701 


Generic 
Part Number 


TIBPAL16R8-15 
TIBPAL16R6-15 
TIBPAL164R-15 


UHC0508 
46106B 
14584 
8X305 
8X320 
54HCT 138 
54HCT240 
54HCT245 
54HCT374 
54LS353 
54F245 
REFO2A 
1526 
Z8036A 
28036 
Z8030A 
28030 
54HC259 
8397 
9513A 
99C88-15 
99C88-12 
99C88-10 
99C88-70 
6164-55 
27PS191 
27PS191A 
27PS291 
27PS291A 
27845 
27S45A 
27847 
27S47A 
82C89 

685 
54HC390 
54HCU04 
54HC4017 
54HC4024 
LM119 
LM119A 
2904 


DESC 
Drawing 
Part no. 


8601801 
8601802 
8602001 
8602002 
8602003 
8602004 
5962-8602101 
8602301 
8602501 
8602701 
8602801 
8602901 
8603001 
5962-8603201 
5962-8604901 
8605001 
8605101 
8605102 
8605103 
8605104 
8605106 
8605107 
5962-8605201 
5962-8605301 
5962-8605801 
5962-8606101 
5962-8606201 
5962-8606301 
5962-8606302 
5962-8606303 
5962-8606401 
5962-8606901 
5962-8607101 
5962-8607501 
5962-8607601 
5962-8607701 
5962-8608101 
5962-8608102 
5962-8608103 
5962-8608104 
5962-8608801 
5962-8670101 
5962-8670201 
5962-8670201 
5962-8670301 


11-10 


DESC CROSS-REFERENCE GUIDE 


Generic 
Part Number 


55500E 
55501E 
27LS00 
27LSO00A 
27LS01 
27LS01A 
68881 
82516 
29705A 
2909A 
2911A 
291A 
2940 
68020 
63105 
AM2932 
27S02 
27S02A 
27LS02 
27503 
27S03A 
27LS03 
8X350 
PAL22V10A 
2803 
54HC157 
54HC563 
27C256-20 
27C€256-25 
27C256-30 
5539 
54F85 
54F164 
54F350 
54HC163 
54HC280 
2168-55 
2168-70 
2169-50 
2169-70 
82720 
54HCT 154 
2919 
25LS2519 
27819 


DESC 


Drawing 
Part no. 


5962-8670302 
5962-8670401 
5962-8670501 
5962-8670502 
5962-8670503 
5962-8670601 
5962-8670602 
5962-8670603 
5962-8670604 
5962-8670701 
5962-8670702 
5962-8670801 
5962-8670901 
5962-8671001 
5962-8671101 
5962-8671102 
5962-8671103 
5962-8671201 
5962-8671301 
5962-8671401 
5962-8671501 
5962-8671601 
5962-8671701 
5962-8671801 
5962-8671901 
5962-8672001 
5962-8672101 
9962-8672301 
5962-8672401 
5962-8672501 
5962-8672601 
5962-8672701 
5962-8672801 
5962-8680101 
5962-8680201 
5962-8680301 
5962-8680401 
5962-8680402 
5962-8680403 
5962-8680404 
5962-8680405 
5962-8680406 
5962-8680601 
5962-8680701 
5962-8681201 


Generic 
Part Number 


27S19A 
1842 
6168 
6268 
99C68 
27835 
27S35A 
273837 
27S37A 
2965 
2966 
25LS09 
8258105 
54F381 
LM113 
LM113-1 
LM113-2 
1545 
25LS2521 
2917A 
2918 
HI-201HS 
54LS595 
25S10 
25LS2518 
26810 
26LS30 
2947 
25S240 
258241 
93548 
93516 
25S09 
2942 
AD570 
PAL20RA10 
PAL18L4 
PAL12L10 
PAL14L8 
PAL16L6 


~ PAL20L2 


PAL20C1 
UC1846 

54HC195 
54HC368 


DESC 


Drawing 
Part no. 


5962-8681301 
5962-8681401 
5962-8681501 
5962-8681601 
5962-8681701 
5962-8681801 
5962-8681901 
5962-8682001 
5962-8682101 
5962-8682201 
5962-8682301 
5962-8682401 
5962-8682501 
5962-8682601 
5962-8680701 
5962-8682801 
5962-8683001 
5962-8683004 
5962-8683101 
5962-8683301 
5962-8683401 
5962-8683601 
5962-8683701 
5962-8683801 
5962-8683901 
5962-8684001 
5962-8684101 
5962-8684201 
5962-8684301 
5962-8684401 
5962-8684501 
5962-8684701 
5962-8684801 
5962-8685001 
5962-8685201 
5962-8685301 
5962-8685401 
5962-8685501 
5962-8685601 
5962-8685701 
5962-8686301 
5962-8686501 
5962-8686601 
5962-8686701 
5962-8686801 


DESC CROSS-REFERENCE GUIDE 


Generic 
Part Number 


54HC533 
54HC534 
54HC564 
54HC595 
54HC597 
54HC688 
54HC4049 
54HC4050 
54HC42 
54HC154 
54HC158 
54HC160 
54HC173 
54HC194 
54HC195 
54HC366 
2864 
52B33 
54HCTOO 
54ALS00A 
54F243 
54ALS32 
54ALS30A 
54ALS27 
54ALS244A 
54ALS191 
54ALS11A 
54ALS08 
54ALS04B 
54ALS02 
LT1016 
54HC123 
54HC126 
54F194 
54HCT32 
54HCT74 
54HCT161 
54HCT165 
54HCT573 
54HCT688 
29116 
54ALS10A 
54ALS138 
54HCT373 
8286 


DESC 


Drawing 
Part no. 


5962-8686802 
5962-8686901 
5962-8687001 
5962-8687101 
5962-8687201 
5962-8687401 
5962-8687601 
5962-8687801 
5962-8688101 
5962-8688201 
5962-8688301 
5962-8688401 
5962-8688501 
5962-8688601 
5962-8688701 
5962-8688802 
5962-8688901 
5962-8689001 
5962-8689101 
5962-8700101 
5962-8700301 
5962-8751601 
5962-8751701 
5962-8751801 
5962-8751901 
5962-8752001 
5962-8752101 
5962-8752201 
5962-8752301 
5962-8752401 
5962-8752502 
5962-8752601 
5962-8752602 
5962-8752701 
5962-8752801 
5962-8752901 
5962-8753201 
5962-8753301 
5962-8753401 
5962-8753501 
5962-8754001 
5962-8754201 
5962-8754201 
5962-8754301 
5962-8754401 


Generic 
Part Number 


8287 
54ALS157 
54ALS 164 
54ALS38A 
54F38 
54F241 
54LS668 
TL514 
54LS382A 
LHO070 
54HCT08 
54HC238 
54HC646 
54HC4538 
OP-227A 
55189A 
55188 
54HCT14 
54HC191 
10H536 
567 

521 
54LS590 
8259A 
9914A 
8253 
54C922 
9622 
9636A 
9637A 
54ACT11074 
Z0858110 
Z0858106 
Z8530 
PAL18P8 
CY7C245 
ULS2070 
54ALS857 
26812 
65112 
AD585 
25L52013 
25L513 
82S62 
25LS2569 


11-11 


DESC CROSS-REFERENCE GUIDE 


DESC 


Drawing 


Generic 
Part Number 


Part no. 


5962-8754601 
5962-8754701 
5962-8754901 
5962-8754902 
5962-8755001 
5962-8755002 
5962-8755101 
5962-8755201 
5962-8755202 
5962-8755301 
5962-8755401 
5962-8755501 
5962-8755502 
5962-8755601 
5962-8755602 
5962-8755801 
5962-8756101 
5962-8756201 
5962-8756301 
5962-8756401 
5962-8756501 
5962-8756601 
5962-8756701 
5962-8756801 
5962-8756901 
5962-8757001 
5962-8757101 
5962-8757201 
5962-8757202 
5962-8757203 
5962-8757301 
5962-8757401 
5962-8757501 
5962-8757701 
5962-8757702 
5962-8757901 
5962-8759201 
5962-8759301 
5962-8759302 
5962-8759401 
5962-8759501 
5962-8759601 
5962-8759701 
5962-8760201 
5962-8760401 


11-12 


9638 
55110A 
54AC00 
54AC11000 
54AC240 
54AC11240 
54AC241 
54AC244 
54ACT11244 
54ACT139 
54ACT138 
54AC373 
54AC11373 
54ACT373 
54ACT 11373 
10H513 
10H531 
10H560 
10H586 
10H506 
10H503 
10H558 
10H561 
10H571 
10H609 
8255A 
AD590 

572 

529 

LM161 
2930 

2964B 
9517A 
82C86 
82C87 
63125 

9150 

8155 

8156 
LM185 
54AS646 
26LS34 
9519A 
2960 
LM10H 


DESC 


Drawing 
Part no. 


5962-8760501 
5962-8760601 
5962-8760701 
5962-8760801 
5962-8760901 
5962-8760902 
5962-8761001 
5962-8761101 
5962-8761201 
5962-8761301 
5962-8761302 
5962-8761401 
5962-8761501 
5962-8761601 
5962-8761901 
5962-8762001 
5962-8762101 
5962-8762401 
5962-8762501 
5962-8762601 
5962-8762801 
5962-8763102 
5962-8763301 
5962-8763306 
5962-8763307 
5962-8763308 
5962-8764701 
5962-8764802 
5962-8764803 
5962-8765001 
5962-8765301 
5962-8765801 
5962-8765901 
5962-8766001 
5962-8766105 
5962-8766106 
5962-8766107 
5962-8766201 
5962-8766301 
5962-8766701 
5962-8766801 
5962-8767101 
5962-8767102 
5962-8767103 
5962-8767104 


Generic 
Part Number 


LM104 
LM110 
LM131AH 
LF198H 
54AC04 
54AC11004 
54AC10 
54AC11 
54AC02 
54AC20 
54AC11020 
54AC32 
54AC08 
26LS32B 
UC1707 
OPA501 
54LS592 
54AC14 
54AC153 
54AC174 
5AFCT374A 
54ACT11374 
320C10 
320E15 
320C15 
320C15-25 
54HC03 
27C512-20 
27C512-25 
57C191B-45 
ICM7170 
TLC372 
TLC374 
7667 
27C128-20 
27C128-25 
27C128-30 
26802 
54ACT245 
29C82X 
80386 
PAL20L8 
PAL20R8 
PAL20R6 
PAL20R4 


DESC CROSS-REFERENCE GUIDE 


DESC 


Drawing 


Generic 
Part Number 


Part no. 


5962-8767201 
5962-8768201 
5962-8768301 
5962-8768401 
5962-8768801 
5962-8768802 
5962-8769001 
5962-8769201 
5962-8769301 
5962-8769901 
5962-8769902 
5962-8770001 
5962-8770401 
5962-8771101 
5962-8771401 
5962-8771501 
5962-8771801 
5962-8772101 
5962-8772201 
5962-8772301 
5962-8772401 
5962-8775601 
5962-8775701 
5962-8775902 
5962-8776601 
5962-8776701 
5962-8776901 
5962-8779401 
5962-8780101 
5962-8780201 
5962-8780301 
5962-8780401 
5962-8780501 
5962-8780502 
5962-8780601 
5962-8780701 
5962-8780801 
5962-8780901 
5962-8850901 
5962-8851101 
5962-8851 102 
5962-8851 103 
5962-8851 104 
5962-8851 201 
5962-8852201 


82188 
825153A 
54ALS139 
87C51 
MN3008 
MN3009 
27529 
54AC251 
54AC253 
54ACTOO 
54ACT11000 
AD7524 
29C86X 
54221 
OP14 
OP207 
MUX24 
54HC125 
54HC4075 
54HC133 
54HC193 
54AC273 
54ACT174 
54ACT11240 
54AS804B 
54AS760 
55121 
54AS805B 
AD567 
7226 

4344 
54AS21 
HC221 
HC221A 
54HC299 
54HC377 
54HC192 
54HC640 
AD390 
55116 
99117 
55118 
55119 
55138 
54AS808B 


DESC 


Drawing 
Part no. 


5962-8852301 
5962-8853402 
5962-8853701 
5962-8853801 
5962-8854001 
5962-8854901 
5962-8855901 
5962-8856301 
5962-8856401 
5962-8857501 
5962-8857601 
5962-8857801 
5962-8858901 
5962-8859001 
5962-8859101 
5962-8859601 
5962-8860201 
5962-8860601 
5962-8860701 
5962-8861001 
5962-8861101 
5962-8861201 
5962-8861901 
5962-8862001 
5962-8862101 
5962-8862201 
5962-8862501 
5962-8862601 
5962-8863101 
5962-8863301 
5962-8863401 
5962-8863501 
5962-8863801 
5962-8864001 
5962-8864601 
5962-8864901 
5962-8865001 
5962-8865601 
5962-8865801 
5962-8866101 
5962-8866301 
5962-8866501 
9962-8866801 
5962-8866901 
5962-8867301 


Generic 
Part Number 


54AS832B 
54ACT11109 
OP37 
OPZ15 
54ALS05A 
EP1800 
OP421 
DAC703 
UH502 
54FCT841 
54HC21 
54ALS688 
54ALS20A 
54ALS133 
54ALS240A 
54ALS241A 
54LS673 
54HC237 
54LS674 
WI 7132 
IDT71682 
29C116 
320C25 
54HCO09 
54ALS86 
LT1028 
54ALS158 
54ALS258 
DS1631 
54HC242 
AT28HC256 
EP310 
XC2018 
54FCT161 
LT1085 
55ALS195 
ADC0820 
54FCT823 
AD578 
54FCT863 
AD7228 
#1331 
54ALS534 
IDT7203S-50 
54ALS652 
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DESC 


Drawing 


DESC CROSS-REFERENCE GUIDE 


Generic 


Part Number 


DESC 
Drawing 


Generic 
Part Number 


Part no. 


5962-8867601 
5962-8867801 
5962-8868201 
5962-8868301 
5962-8868501 
5962-8868502 
5962-8868701 
5962-8869101 
5962-8869301 
5962-8869401 
5962-8869501 
5962-8869801 
5962-8870001 
5962-8870401 
5962-8870501 
5962-8870601 
5962-8870701 
5962-8870801 
5962-8870901 
5962-8871001 
5962-8871101 
5962-8871201 
5962-8871301 
5962-8871501 
5962-8871601 
5962-8871701 
5962-8871801 
5962-8872001 
5962-8872101 
5962-8872102 
5962-8872301 
5962-8872501 
5962-8872701 
5962-8872801 
5962-8872901 
5962-8873001 
5962-8873101 
5962-8873201 
5962-8873601 
5962-8873701 
5962-8873801 
5962-8873901 
5962-8874001 
5962-8874002 
5962-8874101 


11-14 


28HC16-55 


CMOS PAL16XX 


54HC253 
69CE72 
TL7705A 
TL7702A 
54AS652 
54ALS520 
54ALS804A 
54ALS805A 
54ALS808A 
54ALS193 
54ALS563A 
54ACT541 
54ACT821 
54AC541 
54F776 
54F30 
54F36 
54F518 
54F519 
54F520 


CMOS PAL16XX 


55454 
SG1626 
55ALS192 
54HC05 
29PL141 
OP270 
OP271 

54F09 

6207C 
54ALS640B 
54ALS564A 
54AS1004A 
54AS1032A 
54AS1034A 
TCM29C13 
29FCT520 
54ALS1245A 
54ALS1244A 
TMC208KB5V 
68CE16L-35 
68CE16L-25 
54ALS259 


Part no. 


5962-8874201 
5962-8874401 
5962-8874501 
5962-8875101 
5962-8875201 
5962-8875301 
5962-8875401 
5962-8875501 
5962-8875601 
5962-8876001 
5962-8876201 
5962-8876601 
5962-8876602 
5962-8877101 
5962-8877401 
5962-8950301 
5962-8950302 
5962-8950401 
5962-8951001 
5962-8951201 
5962-8952501 
5962-8952601 
5962-8954701 
5962-8955301 
5962-8955401 
5962-8955501 
5962-8956001 
5962-8957401 
5962-8960201 
5962-8960301 
5962-8961001 
5962-8966301 
5962-8966801 
5962-8968001 
5962-8968101 
5962-8973402 
5962-8973602 
5962-8974501 
5962-8974701 
5962-8975701 
5962-8984702 
5962-8988901 
5962-8994501 
5962-8995601 
5962-9051401 


54ALS1035 
99113 
0115 
LT1039 
54F14 
54AS651 
54AC299 
54ACT158 
54ACT151 
LT1013 
LT1021-5 
AD7245 
AD7248 
54ACT299 
54F51 
TLC555 
TLC556 
LT1017 
54F27 
56001 
54AS823 
54AS869 
54ACT11008 
54AS640 
54F21 
54F544 
4461-15 
54ALS165 
54ALS541 
54HC590A 
LT1009 
54AS286 
54AS867 
55ALS160 
55ALS161 
54ACT11004 
54ACT11032 
54HCT238 
54HCT04 
54AS885 
54ACT11241 
54ALS870 
54ALS996 
54ALS646 
54BCT245 


DESC CROSS-REFERENCE GUIDE 


DESC 


Drawing 
Part no. 


DESC 
Drawing 
Part no. 


Generic 
Part Number 


Generic 
Part Number 


5962-9051601 
5962-9062501 
5962-9068301 
5962-9074101 
5962-9074201 
5962-9074301 
5962-9074401 
5962-9074501 
5962-9074601 
5962-9074701 
5962-9074801 
5962-9074901 
5962-9075001 
5962-9075101 
5962-9075201 


54BCT374 
54BCT244 
54BCT543 
54BCT2244 
54BCT240 
54BCT241 
54BCT2827A 
54BCT2828A 
54BCT373 
54BCT534 
54BCT540 
54BCT541 
54BCT620A 
54BCT623 
54BCT640 


11-15 


Generic 


Part Number 


DESC CROSS-REFERENCE GUIDE 


DESC 
Drawing 


Generic 
Part Number 


DESC 
Drawing 


0056 


10516 
10H503 
10H506 
10H513 
10H531 
10H536 
10H558 
10H560 
10H561 
10H571 
10H586 
10H609 
14584 
145xxB 
1526 
1536 
1545 
15530-8 
1823 
1842 
1853 
1854 


201A 
2118 
2168-55 
2168-70 
2169-50 
2169-70 
2420 
2516-45 
25LS09 
25LS13 
25LS299 
25LS2518 
25LS2519 
25LS2521 
25LS2569 
25809 
258510 
258240 
258241 
26LS30 


11-16 


Part no. 
7800801 


7800901 
5962-8756501 
5962-8756401 
5962-8755801 
5962-8756101 
5962-8700101 
5962-8756601 
5962-8756201 
5962-8756701 
5962-8756801 
5962-8756301 
5962-8756901 

8550102 

See 45xxB 

8551501 

7800304 

8671201 

7802901 

7901801 

8670401 

7901901 

7901701 


7705301 

8101501 
5962-8608101 
5962-8608102 
5962-8608103 
5962-8608104 

8001601 

7802201 

8670801 
5962-8754201 

7802402 
5962-8671901 
5962-8670201 
5962-8671301 
5962-8754401 
5962-8672801 
5962-8671801 
5962-8672401 
5962-8672501 
5962-8672101 


26LS32B 
26LS34 

26S02 

26810 

26812 

2700 

2700 

2702 

2702 

27128 (450 ns) 
27128 (250 ns) 
27128A-11 
27128A-15 
27128A-20 
27128A-25 
27128A-30 
2716 (350 ns) 
27256 (350 ns) 
27256 (250 ns) 
27256 (200 ns) 
27256 (170 ns) 
2732 

2732A25 
2732A45 
27512-25 
27512-30 
27512-35 
27512-45 
2764 (450 ns) 
2764 (250 ns) 


2764A (350 ns) 
2764A (250 ns) 
2764A (200 ns) 


27C64-20 
27C64-25 
27C64-35 
27C0128-20 
270128-25 
27C128-30 
27C256-20 
27C256-25 
27C256-30 
27€512-20 
27C€512-25 
27LS00 


Part no. 


5962-8761601 
5962-8759601 
5962-8766201 
5962-8671901 
5962-8753401 
8503001 
8503002 
8503003 
8503004 
8202501 
8202502 
8282507 
8282506 
8282503 
8282505 
8282504 
7802202 
8411101 
8411102 
8411103 
8411104 
8001201 
8001203 
8001204 
5962-8513501 
5962-8513503 
5962-8513502 
5962-8513504 
8200501 
8200502 
8200503 
8200504 
8200505 
8510203 
8510201 
8510202 
5962-8766105 
5962-8766106 
5962-8766107 
5962-8606301 
5962-8606302 
5962-8606303 
5962-8764802 
5962-8764803 
8602001 
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27LSO0A 
27LS01 
27LSO1A 
27LS02 
27LS03 
27LS07 
27PS191 
27PS191A 
27PS291 
27PS291A 
27802 
27S02A 
27503 
27S03A 
27507 
27S07A 
27819 
27S19A 
27829 
27335 
27S35A 
273837 
27S37A 
27545 
27S45A 
27847 
27S47A 
27549 
27S49A 
2864 
28HC16-55 
2901A,B 
2901C 
2904 
2909A 
2910 
2910A 
291A 
2911A 
29116 
2917A 
2918 
2919 
2930 
2940 


8602002 
8602003 
8602004 
8605103 
8605107 
7801504 
5962-8552601 
5962-8552602 
5962-8552603 
5962-8552604 
8605101 
8605102 
8605104 
8605106 
7801503 
7801501 
5962-8670301 
5962-8670302 
5962-8769001 
5962-8670601 
5962-8670602 
5962-8670603 
5962-8670604 
5962-8552701 
5962-8552702 
5962-8552703 
5962-8552704 
8200901 
8200902 
5962-8683001 
5962-8867601 
7700701 
8405701 
8601701 
8602701 
7801701 
7801702 
8602901 
8602801 
5962-8686301 
5962-8671401 
5962-8671501 
5962-8670201 
5962-8757301 
8603001 


2942 
2947 


2960 


29633 
2964B 
2965 
2966 
29705A 
29C82X 
29C86X 
290116 
29FCT520 
29PL141 


3130 


320C10 
320€015 
320€015-25 
320€C25 
320E15 


4013B 
40174B 
4021B 
4023B 
4029B 
4035B 
4040B 
4042B 
4044B 
4047B 
4049UB 
4052B 
4053B 
4060A 
4069B 
4072B 
4073B 
4078B 
4081B 
4082B 
4093B 
4094B 
4098B 


5962-8680101 
5962-8672301 
5962-8760201 

7902401 
5962-8757401 
5962-8670701 
5962-8670702 

8602501 
5962-8766701 
5962-8770401 
5962-8861201 
5962-8873601 
5962-8872001 


7703301 


5962-8763301 
5962-8763307 
5962-8763308 
5962-8861901 
5962-8763306 


7901101 
8202201 
7901201 
7901301 
8101601 
8101701 
7705801 
8101901 
7702601 
8102001 
7901401 
7901501 
8101801 
7703101 
7702701 
7706001 
7705101 
7704401 
7702401 
7705901 
7704601 
7702501 
7705501 
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4164 (120 ns) 8201008 54AC00 5962-8754901 
4164 (150 ns) 8201006 54AC02 5962-8761201 
4164 (200ns) 8201007 54AC04 5962-8760901 
4167 (100 ns) 8200701 54AC08 5962-8761501 
4167 (70 ns) 8200702 54AC10 5962-8761001 
4167 (55 ns) 8200703 54AC11 5962-8761101 
4256-12 8515203 54AC14 5962-8762401 
4256-15 8515201 54AC20 5962-8761301 
4256-20 8515202 54AC32 5962-8761401 
4344 5962-8780301 54AC153 5962-8762501 
4461-15 5962-8956001 54AC174 5962-8762601 
4502B 7702001 54AC240 5962-8755001 
4514B 7703501 54AC241 5962-8755101 
4515B 7703201 54AC244 5962-8755201 
4516 8101502 54AC251 5962-8769201 
4520B 7702301 54AC253 5962-8769301 
4528B 7704501 54AC273 5962-8775601 
4555B 7704701 54AC299 5962-8875401 
4556B 7704801 54AC373 5962-8755501 
4557B 7901601 54AC541 5962-8870601 
4564 (150 ns) 8201001,02 54AC11000 5962-8754902 
4564 (200 ns) 8201003 54AC11004 5962-8760902 
4585 7703702 54AC11020 5962-8761302 
46106B 5962-8550101 54AC11240 5962-8755002 

54AC11373 5962-8755502 
506A 5962-8513101 54ACTOO 5962-8769901 
507A 5962-8513102 54ACT138 5962-8755401 
508A 7705201 54ACT139 5962-8755301 
508A (0-Vprot.) 7705202 54ACT151 5962-8875601 
509A 5962-8513103 54ACT158 5962-8875501 
5040 8100601,09 54ACT174 5962-8775701 
5041 8100602,10 54ACT245 5962-8766301 
5042 8100603, 11 54ACT299 5962-8877101 
5043 8100604,12 54ACT373 5962-8755601 
5044 8100605, 13 54ACT541 5962-8870401 
5045 8100606, 14 54ACT821 5962-8870501 
5046 8100607,15 54ACT11000 5962-8769902 
5047 8100608, 16 54ACT11004 5962-8973402 
51C67 8413202 54ACT11008 5962-8954701 
521 5962-8751601 54ACT11032 5962-8973602 
n29 5962-8757202 54ACT11074 5962-8752502 
52B33 5962-8683004 54ACT11109 5962-8853402 
5341 7801601 54ACT11240 5962-8775902 
54185A 7703001 54ACT11241 5962-8984702 
54221 5962-8771101 54ACT11244 5962-8755202 
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54ACT11373 
54ACT11374 
54ALSO00A 
54ALS02 
54ALS04B 
54ALS05A 
54ALS08 
54ALS09 
54ALS10A 
54ALS11A 
54ALS20A 
54ALS21A 
54ALS27 
54ALS30A 
54ALS32 
54ALS38A 
54ALS74A 
54ALS86 
54ALS109A 
54ALS112A 
54ALS133 
54ALS138 
54ALS139 
54ALS151 
54ALS153 
54ALS157 
54ALS158 
54ALS161B 
54ALS162B 
54ALS163B 
54ALS164 
54ALS165 
54ALS169B 
54ALS174 
54ALS175 
54ALS191 
54ALS193 
54ALS240A 
54ALS241A 
54ALS242B 
54ALS243A 
54ALS244A 
54ALS245A 
54ALS251 
54ALS253 


5962-8755602 
5962-8763102 
5962-8683301 
5962-8684401 
5962-8684301 
5962-8854001 
5962-8684201 
8414201 
5962-8686501 
5962-8684101 
5962-8858901 
8414301 
5962-8683801 
5962-8683701 
5962-8683601 
5962-8687101 
8401101 
5962-8862101 
8400001 
8400002 
5962-8859001 
5962-8686601 
5962-8768301 
8414101 
8413401 
5962-8686901 
5962-8862501 
8302201 
8407901 
8302202 
5962-8687001 
5962-8957401 
8302501 
8301901 
8301902 
5962-8684001 
5962-8869801 
5962-8859101 
5962-8859601 
8401301 
8401302 
5962-8683901 
8403001 
8413501 
8509601 


54ALS257 
54ALS258 
54ALS259 
54ALS273 
54ALS299 
54ALS323 
54ALS373 
54ALS374 
54ALS520 
54ALS534 
54ALS541 
54ALS561A 
54ALS563A 
54ALS564A 
54ALS569A 
54ALS573B 
54ALS574A 
54ALS576A 
54ALS580A 
54ALS640B 
54ALS645A 
54ALS646 
54ALS652 
54ALS688 
54ALS804A 
54ALS805A 
54ALS808A 
54ALS832A 
54ALS857 
54ALS870 
54ALS873B 
54ALS874B 
54ALS876 
54ALS880 
54ALS996 
54ALS1000A 
54ALS1004 
54ALS1008A 
54ALS1010A 
54ALS1034 
54ALS1035 
54ALS1244A 
54ALS1245A 
54AS21 
54AS286 


8509701 
5962-8862601 
5962-8874101 

8413601 

8302101 

8302102 

8302001 

8302002 
5962-8869101 
5962-8866801 
5962-8960201 

8302203 
5962-8870001 
5962-8872801 

8302502 

8401201 

8400101 

8400102 

8401202 
5962-8872701 

8403301 
5962-8995601 
5962-8867301 
5962-8857801 
5962-8869301 
5962-8869401 
5962-8869501 

8414501 
5962-8753301 
5962-8988901 

8403201 

8401001 

8401002 

8403202 
5962-8994501 

8405901 

8406101 

8409701 

8406001 

8403101 
5962-8874201 
5962-8873801 
5962-8873701 
5962-8780401 
5962-8966301 
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54AS640 5962-8955301 54F38 5962-8687201 
54AS646 5962-8759501 54F51 5962-8877401 
54AS651 5962-8875301 54F85 5962-8606901 
54AS652 5962-8868701 54F 164 5962-8607101 
54AS760 5962-8776701 54F194 5962-8685001 
54AS804B 5962-8776601 54F241 5962-8687401 
54AS805B 5962-8779401 54F243 5962-8683401 
54AS808B 5962-8852201 54F245 8551101 
54AS823 5962-8952501 54F350 5962-8607501 
54AS832B 5962-8852301 54F381 5962-8671001 
54AS867 5962-8966801 | 54F518 5962-8871001 
54AS869 5962-8952601 54F519 5962-8871101 
54AS885 5962-8975701 54F520 5962-8871201 
54AS1004A 5962-8872901 54F544 5962-8955501 
54AS1032A 5962-8873001 54F776 5962-8870701 
54AS1034A 5962-8873101 

54FCT161 5962-8864001 
54BCT240 5962-9074201 54FCT374A 5962-8762801 
54BCT 241 5962-9074301 54FCT823 5962-8865601 
54BCT244 5962-9062501 54FCT841 5962-8857501 
54BCT245 5962-9051401 54FCT863 5962-8866101 
54BCT373 5962-9074601 
54BCT374 5962-9051601 54HC00 8403701 
54BCT534 5962-9074701 54HCO02 8404101 
54BCT540 5962-9074801 54HCO03 5962-8764701 
54BCT541 5962-9074901 54HC04 8409801 
54BCT543 5962-9068301 54HC05 5962-8871801 
54BCT620A 5962-9075001 54HC08 8404701 
54BCT623 5962-9075101 54HCO09 5962-8862001 
54BCT640 5962-9075201 54HC10 8403801 
54BCT2244 5962-9074101 54HC11 8404801 
54BCT2827A 5962-9074401 54HC14 8409101 
54BCT2828A 5962-9074501 54HC20 8403901 

54HC21 5962-8857601 
54C08 7703601 54HC27 8404201 
54C85 7703701 54HC30 8404001 
54C906 7705601 54HC32 8404501 
54C922 5962-8752101 54HC42 5962-8682101 

54HC73 5962-8515301 
54F09 5962-8872301 54HC74 8405601 
54F14 5962-8875201 54HC75 8407001 
54F21 5962-8955401 54HC86 8404601 
54F27 5962-8951001 54HC107 5962-8515401 
54F30 5962-8870801 54HC109 8415001 
54F36 5962-8870901 54HC112 8408801 
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54HC123 
54HC125 
54HC126 
54HC133 
54HC138 
54HC139 
54HC147 
54HC151 
54HC153 
54HC154 
54HC157 
54HC158 
54HC160 
54HC161 
54HC162 
54HC163 
54HC164 
54HC165 
54HC173 
54HC174 
54HC175 
54HC191 
54HC192 
54HC193 
54HC194 
54HC195 
54HC237 
54HC238 
54HC240 
54HC242 
54HC243 
54HC244 
54HC245 
54HC251 
54HC253 
54HC257 
54HC259 
54HC266 
54HC273 
54HC280 
54HC299 
54HC365 
54HC366 
54HC367 
54HC368 
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5962-8684701 
5962-8772101 
5962-8684801 
5962-8772301 
8406201 
8409201 
8406401 
8412801 
8409301 
5962-8682201 
5962-8606101 
5962-8682301 
5962-8682401 
8407501 
8409401 
8607601 
8416201 
8409501 
5962-8682501 
8407301 
8408901 
5962-8689101 
5962-8780801 
5962-8772401 
5962-8682601 
5962-8680701 
5962-8860601 
5962-8688401 
8407401 
5962-8863301 
8409001 
8409601 
8408501 
8512501 
5962-8868201 
8512401 
8551901 
8404301 
8409901 
8607701 
5962-8780601 
8500101 
5962-8682801 
8500201 
5962-8681201 
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54HC373 
54HC374 
54HC377 
54HC390 
54HC393 
54HC4002 
54HC4017 
54HC4020 
54HC4024 
54HC4040 
54HC4049 
54HC4050 
54HC4075 
54HC4538 
54HC533 
54HC534 
54HC563 
54HC564 
54HC573 
54HC590A 
54HC595 
54HC597 
54HC640 
54HC646 
54HC688 
54HCTOO 
54HCT04 
54HCT08 
54HCT14 
54HCT32 
54HCT74 
54HCT138 
54HCT154 
54HCT161 
54HCT165 
54HCT238 
54HCT240 
54HCT244 
54HCT245 
54HCT373 
54HCT374 
54HCT573 
54HCT688 
54HCU04 
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8407201 
8407101 
5962-8780701 
8600901 
8410001 
8404401 
8601101 
8500301 
8601201 
8500401 
5962-8681901 
5962-8682001 
5962-8772201 
5962-8688601 
5962-8681301 
5962-8681401 
5962-8606201 
5962-8681501 
8512801 
5962-8960301 
5962-8681601 
5962-8681701 
5962-8780901 
5962-8688501 
5962-8681801 
5962-8683101 
5962-8974701 
5962-8688301 
5962-8689001 
5962-8685201 
5962-8685301 
8550401 
5962-8670101 
5962-8685401 
5962-8685501 
5962-8974501 
8550501 
8513001 
8550601 
5962-8686701 
8550701 
5962-8685601 
5962-8685701 
8601001 
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54LS09 
54LS26 
54LS33 
54LS42 
54LS47 
54LS75 
54LS76A 
54LS83A 
54LS90 
54LS93 
54LS122 
54LS123 
54LS124 
54LS132 
54LS138 
54LS139A 
54LS145 
54LS148 
54LS151 
54LS153 
54LS154 
54LS157 
54LS158 
54LS160A 
54LS161A 
54LS163A 
54LS165A 
54LS166A 
54LS168 
54LS169B 
54LS170 
54LS190 
54LS191 
54LS192 
54LS193 
54LS196 
54LS197 
54L$221 
54LS240 
54LS242 
54LS243 
54LS244 
54LS245 
54LS251 
54LS253 
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8001901 
7602001 
8512601 
7603101 
7604501 
7601201 
7601301 
7601401 
7603201 
7700101 
7600301 
7603901 
7704101 
7600401 
7600501 
7600701 
8508401 
7802701 
7601001 
7601101 

83017 
7600201 
7603301 
7700901 
7600801 
7603401 
7700601 
8001701 
8001801 
8001802 
8002501 
7603501 
7600901 
7603601 
7600601 
7701001 
7601501 
7604201 
7801201 
8002001 
8002002 
7705701 
8002101 
7601601 
7601701 


54LS257 


54LS258B 


54LS261 
54LS273 


54LS279A 


54LS283 
54LS298 
54LS299 
54LS353 
54LS374 


54LS382A 


54LS390 
54LS399 
54LS540 
54LS541 
54LS590 
54LS592 
54LS595 
54LS629 
54LS640 
54LS668 
54LS670 
54LS673 
54LS674 
54LS682 
54LS684 
54LS688 


54S 138 
54S$139 
545189 
54S 194 
54S251 
54S$258 


5539 
55110A 
39113 
Bbo11S 
55116 
D511/ 
55118 
55119 
55121 
55138 


7603701 
7603801 
8002601 
7801001 
7601801 
7604301 
7601901 
7802401 
8550801 
7801101 
5962-8688101 
7802601 
8415401 
8415501 
8415601 
5962-8751701 
5962-8762101 
5962-8671701 
8102101 
8416101 
5962-8687601 
7704201 
5962-8860201 
5962-8860701 
8415101 
8415201 
8415301 


7604101 
7700401 
7801502 
7604001 
8002201 
8002301 


5962-8606401 
5962-8754701 
5962-8874401 
5962-8874501 
5962-8851101 
5962-8851102 
5962-8851103 
5962-8851104 
5962-8776901 
5962-8851201 
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55182 
55183 
55188 
55189A 
55452B 
55454 


55500E 
55501E 
55ALS160 
55ALS161 
55ALS192 
55ALS195 
567 

56001 


5/2 

574AU 
574AT 
57C191B-45 


6N134 
6N140A 

6108 

6164-55 

6168 

6207C 

6268 

63105 

63125 

6504 

65112 

6514 

6516-8 
65162C 
65162-8 
65262 

68000 (6MHz) 
68000 (8MHz) 
68000 (10MHz) 
68020 

685 

68881 

69CE72 

733 
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7900801 
7900901 
5962-8688901 
5962-8688802 
7704901 
5962-8871501 


8601801 

8601802 
5962-8968001 
5962-8968101 
5962-8871701 
5962-8864901 
5962-8700301 
5962-8951201 


5962-8757201 


5962-8512701,03 
5962-8512702,04 


5962-8765001 


8102801 
8302401 
7705201 
8552505 
5962-8670501 
5962-8872501 
5962-8670502 
5962-8604901 
5962-8757901 
8102401 
5962-8753501 
8102402 
8403601 
8403603 
8403602 
8413201 


8202101 


8202102 
8202103 
5962-8603201 
8600801 
5962-8602101 
5962-8868301 
8418501 
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Faecy 
7226 
76321 
7641 
76641 
7667 
7681 
7820A 
7831 
7832 
79M05 
79M12 
79M15 
79M24 
7905K 
7O1ZK 
7915K 
7924K 


8001 
8001A 
8002 
80386 
8080A 
8085A 
8097 
80C31 
80C51 
80C86 
8155 
8156 
82188 
82288-6 
82288-8 
8253 
8255A 
8259A 
8282 
8283 
8286 
8287 
82720 
82C52 
82C54 
82C55A 
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5962-8866501 
5962-8780201 
8200801 
7801601 
8200901 
5962-8766001 
7902401 
7900801 
8004101 
8004102 
7704001 
7704003 
7704004 
7704005 
7704001 
7704003 
7704004 
7704005 


8000301 
8000303 
8000302 
5962-8766801 
7700201 
7901001 
8506301 
8506401 
8506402 
8405201 
5962-8759301 
5962-8759302 
5962-8767201 
8514901 
8514902 
5962-8752001 
5962-8757001 
5962-8751801 
8417901 
8417902 
5962-8686801 
5962-8686802 
5962-8608801 
8501501 
8406501 
8406601 
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82C59C 
82C82 
82C84A 
82C86 
82C87 
82C88 
82C89 
825141 
82S5153A 
82516 
82S62 
825105 
8397 
8751H8 
67051 
8X305 
8X320 
8X3S0 
9064-15 
9064-20 
9128-12 
9128-20 
9128-90 
9150 
93448 
93516 
93548 
932565 
93Z565A 
9450 
9513A 
9517A 
9519A 


9622 
9636A 
9637A 
9638 


9914A 
99668 
99C88-10 
99C88-12 
99C88-15 
99C8870 
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5962-8501601 
8406701 
8406801 

5962-8757701 

5962-8757702 
8406901 
8552801 
7801601 

5962-8768201 
8602301 

5962-8754301 

5962-8670901 
8552001 
8419001 

5962-8768401 
8550201 
8550301 

5962-8605201 
8201009 
8201010 
8103907 
8103908 
8103906 

5962-8759201 
7801601 

5962-8672701 

5962-8672601 
8200901 
8200902 
8416901 
8552301 

5962-8757501 

5962-8759701 


5962-8752201 
5962-8752301 
5962-8752401 
5962-8754601 


5962-8751901 
5962-8670503 
8552503 
8552502 
8552501 
8552504 


AD390 
AD562 
AD563 
AD567 
AD570 
AD578 
AD585 
AD590 
AD7228 
AD7245 
AD7248 
AD7524 
ADC0820 
AM686 
AM687 
AM26LS31 
AM26LS32 
AM26LS33 
AM2932 
AT28HC256 
CA3130B 
CMOS PAL16XX 
CMOS PAL16XX 
CT50002 
CY7C245 
DAC703 
DAC87 (HYB) 
DAC87 (MONO) 
DG129 
DG201A 
DG508A 
DS1631 
EP1800 
EP310 
HA-2640 
H1508A 
HC221 
HC221A 
HI-201HS 
ICM7170 
iIDT7133 
IDT71682 
IDT7203S-50 
IH5116 
IH5208 


5962-8850901 
8100801 
8100802 

5962-8780101 

5962-8680201 

5962-8865801 

5962-8754001 

5962-8757101 

5962-8866301 

5962-8876601 

5962-8876602 

5962-8770001 

5962-8865001 
7801801 
7801901 
7802301 
7802001 
7802002 
8605001 

5962-8863401 
7703301 

5962-8867801 

5962-8871301 
7801301 

5962-8752901 

5962-8856301 
8300201 
8300301 
7801401 
7705301 
7705201 

5962-8863101 

5962-8854901 

5962-8863501 
7800302 
7705202 

5962-8780501 

5962-8780502 

5962-8671601 

5962-8765301 

5962-8861001 

5962-8861101 

5962-8866901 

5962-8513104 

5962-8513105 


Generic 


Part Number 


DESC CROSS-REFERENCE GUIDE 


DESC 


Drawing 
Part no. 


Generic 
Part Number 


DESC 
Drawing 
Part no. 


IH5216 
IH6108 
LF198H 
LHOO02 
LHO021 
LHO032 
LH0033 
LH0041 
LHO070 
LHO101 
LHO101A 
LM10H 
LM103H-1.8 
LM103H-2.0 
LM103H-2.2 
LM103H-2.4 
LM103H-2.7 
LM103H-3.0 
LM103H-3.3 
LM103H-3.6 
LM103H-3.9 
LM103H-4.3 
LM103H-4.7 
LM103H-5.1 
LM103H-5.6 
LM104 
LM106 
LM110 
LM113 
LM113-1 
LM113-2 
LM117K 
LM117HV 
LM119 
LM119A 
LM120H-5.0 
LM120H-12 
LM120H-15 
LM120H-24 
LM120K-5.0 
LM120K-12 
LM120K-15 
LM120K-24 
LM124 
LM131AH 


5962-8513106 
7705201 
5962-8760801 
7801301 
8508801 
8001301 
8001401 
8508701 
5962-8688201 
8508902 
8508901 
5962-8760401 
7702801 
7702802 
7702803 
7702804 
7702805 
7702806 
7702807 
7702808 
7702809 
7702810 
7702811 
7702812 
7702813 
5962-8760501 
8003701 
5962-8760601 
5962-8671101 
5962-8671102 


— 5962-8671103 


7703401 
7703402 
8601401 
8601402 
7704001 
7704003 
7704004 
7704005 
7704001 
7704003 
7704004 
7704005 
7704301 
5962-8760701 


LM136A 
LM137 
LM137HV 
LM139 
LM143 
LM144 
LM161 
LM185 
LM709 
LM4250 
LT1009 
LT1013 
LT1016 
LT1017 
LT1021-5 
LT1028 
LT1039 
LT1085 


M80186(6 MHz) 
M80186(8 MHz) 
M80286-6 
M80286-8 
MC1536B 
MKB4516 
MN3008 
MN3009 
MUX24 


NSC800(2.5 MHz) 
NSC800(4 MHz) 


OP07 
OP07A 
OP14 
OP37 
OP207 
OP215 
OP270 
OP271 
OP421 
OP-227A 
OPA501 


PAL10H8 


8418001 
7703403 
7703404 
7700801 
7800303 
7800301 
5962-8757203 
5962-8759401 
7800701 
7703901 
5962-8961001 
5962-8876001 
5962-8684501 
5962-8950401 
5962-8876201 
5962-8862201 
5962-8875101 
5962-8864601 


8501002 
8501001 
5962-8514802 
5962-8514801 
7800304 
8101502 
5962-8768801 
5962-8768802 
5962-8771801 


8301301 
8301302 


8203602 

8203601 
5962-8771401 
5962-8853701 
5962-8771501 
5962-8853801 
5962-8872101 
5962-8872102 
5962-8855901 
5962-8688701 
5962-8762001 


8103501 
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Generic 


Part Number 


DESC CROSS-REFERENCE GUIDE 


DESC 
Drawing 
Part no. 


Generic 
Part Number 


DESC 
Drawing 
Part no. 


PAL10L8 
PAL12H6 
PAL12L6 
PAL12L10 
PAL14H4 
PAL14L4 
PAL14L8 
PAL16A4 
PAL16C1 
PAL16H2 
PAL16L2 
PAL16L6 
PAL16L8 
PAL16L8A 
PAL16L8A-2 
PAL16L8A-4 
PAL16R4 
PAL16R4A 
PAL16R4A-2 
PAL16R4A-4 
PAL16R6 
PAL16R6A 
PAL16R6A-2 
PAL16R6A-4 
PAL16R8 
PAL16R8A 
PAL16R8A-2 
PAL16R8A-4 
PAL16X4 
PAL18L4 
PAL18P8 
PAL20C1 
PAL20L2 
PAL20L8 
PAL20L8A 
PAL20L10A 
PAL20R4 
PAL20R4A 
PAL20R6 
PAL20R6A 
PAL20R8 
PAL20R8A 
PAL20RA10 
PAL20X4A 
PAL20X8A 
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8103506 
8103502 
8103507 
5962-8680402 
8103503 
8103508 
5962-8680403 
8103606 
8103505 
8103504 
8103509 
5962-8680404 
8103601 
8103607 
8103611 
8506501 
8103604 
8103610 
8103614 
8106504 
8103603 
8103609 
8103613 
8506503 
8103602 
8103608 
8103612 
8506502 
8103605 
5962-8680401 
5962-8752801 
5962-8680406 
5962-8680405 
5962-8767101 
8412901 
8412905 
5962-8767104 
8412904 
5962-8767103 
8412903 
5962-8767102 
8412902 
5962-8680301 
8412908 
8412906 


PAL20X10A 
PAL22V10A 


REFO2A 
RM4194 
$G1524 
5G1626 


TCM29C13 


TIBPAL16L8-15 
TIBPAL16L8-20 
TIBPAL16L8-30 
TIBPAL16R4-15 
TIBPAL16R4-20 
TIBPAL16R4-30 
TIBPAL16R6-15 
TIBPAL16R6-20 
TIBPAL16R6-30 
TIBPAL16R8-15 
TIBPAL16R8-20 
TIBPAL16R8-30 
TIBPAL20L8-20 
TIBPAL20L10-25 
TIBPAL20R4-20 
TIBPAL20R6-20 
TIBPAL20R8-20 
TIBPAL20X4-25 
TIBPAL20X8-25 


TIBPAL20X10-25 


TL061 
TLO62 
TLO64 
TLO71 
TLO72 
TLO74 
TL431 
TL514 
TL7702A 
TL7705A 
TLC372 
TLC374 
TLC555 
TLC556 


8412907 
5962-8605301 


8551401 
7705401 
7802801 
5962-8871601 


5962-8873201 


9962-8515509 
5962-8515501 
5962-8515505 
5962-8515512 
5962-8515504 
5962-8515508 
5962-8515511 
5962-8515503 
5962-8515507 
5962-8515510 
5962-8515502 
5962-8515506 
8412901 
8412905 
8412904 
8412903 
8412902 
8412908 
8412906 
8412907 


8102301 
8102302 
8102303 
8102304 
8102305 
8102306 
8410901 
5962-8687801 
5962-8868502 
5962-8868501 
5962-8765801 
5962-8765901 
5962-8950301 
5962-8950302 


DESC CROSS-REFERENCE GUIDE 


Generic fans Generic Bae 
Part Number Part Number g 
Part no. Part no. 
TMC208KB5V 5962-8873901 
TP0032 8001301 
TP0033 8001401 
UC1707 5962-8761901 
UC1846 5962-8680601 
UH502 5962-8856401 
UHC0508 8550001 
ULS2070 5962-8753201 
XC2018 5962-8863801 
XR-2211 7705001 
Z0858106 5962-8752602 
Z0858110 5962-8752601 
Z8001 8000301 
Z8001A 8000303 
Z8001B 8000304 
Z8002 8000302 
Z8002B 8000305 
Z8030 5962-8551802 
Z8030A 5962-8551801 
Z8036 8551702 
Z8036A 8551701 
28420 8418602 
Z8420A 8418601 
28430 8301602 
Z8430A 8301601 
28442 8301502 
Z8442A 8301501 
28530 5962-8752701 
28536 8300101 
Z8536A 8300102 
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‘ea Space Products 
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Space Products 


For over two decades, Texas Instruments Semiconductor has provided high-reliability integrated 
circuits for use in space. In space applications, these devices are used in manned spacecraft 
and in unmanned satellites. In defense systems, these devices are used in strategic missiles 
and other critical high-reliability systems. 


PROGRAM INVOLVEMENT 


@® Manned Spacecraft 
Apollo, Skylab, Shuttle, Space Station 


® Commercial Satellites 
Telstar, Intelsat, LEASAT, AUSSAT, SBS, WESTAR 


® Strategic Missiles 
Minuteman, Peacekeeper, SICBM, Poseidon 


® Military Satellites 
TDRSS, DSCS, GPS, MILSTAR, FLEET SATCOM, UHF 


® Interplanetary Satellites 
Viking, Voyager, Galileo, Mars Observer, Magellan 


@® Launch Vehicles 
Centaur, Titan, |IUS, Atlas 


® Scientific 
Space Telescope, GRO, AXAF 


® Earth Resources 
GOES, TOPEX, LANDSAT 


SPECIFICATIONS 


Texas Instruments manufactures space-level devices in accordance with the following 
specifications: 


JAN Class S Qualified 
@® In accordance with MIL-M-38510 for Class S level devices 
@® Certified by Defense Electronics Supply Center (DESC) 
@® Source inspection performed by Government Source Inspector 
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USAF/Lockheed Monitored Line 
@® Approved JAN S Substitute per MIL-STD-1546 
® Specs written and controlled by Lockheed monitored line service 
@® Source inspection coverage provided by Lockheed 
@® Wide range of qualified device types 


SEQ-010D Space Level Processing 
@® Specs written and controlled by Texas Instruments 
@® Customer source inspection allowed 
@® Data book or JAN slash sheet electrical testing 
@® Broadest range of device types/technologies 


Customer Source Control Drawings 
® Specifications negotiated between customer and Texas Instruments 
® Allows flexibility to provide custom requirements 


JAN CLASS S QUALIFIED PRODUCTS 
CERTIFICATION 


Texas Instruments is certified by the Defense Electronics Supply Center (DESC) to manufacture 
54LS, 54HC, 54HCT, and 54F devices in accordance with MIL-M-38510, Class S. Both ceramic 
dual-in-line and flatpack package configurations are qualified. 


QPL (QUALIFIED PARTS LIST) 


OPL-38510-79 lists Tl with 65 qualifications for 54LS devices, 47 54HC/HCT devices, and 
4 54F devices. Additional device types in the 54HC/HCT and 54F are planned in the near future. 


PROCUREMENT 


JAN Class S provides the easiest method to procure industry standard high reliability space 
certified products. The manufacturing procedures are defined by MIL-M-38510 and 
MIL-STD-883, and electrical testing is in accordance with the JAN slash sheet specifications. 


Entering Purchase Orders 


A confirming Purchase Order is required prior to order placement. The Purchase Order need 
only contain the following: 

® JAN S Mil Spec part number 

® Quantity, price, delivery requirement 

® Government Contract Number and Priority Rating 

® ‘‘Quality Clauses’’ are not required 
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Purchase Order Options 


The following options are allowed when requested and funded on the Purchase Order: 


@® Data Package 
Attributes Summary Data 
Read and Record Test Data 
(25°C DC Variables Data, Pre- and Post-Burn-In) 
Groups B & D Quality Conformance Report 
Wafer Lot Acceptance Report 
@® X-Ray Plates 
@® Customer Source Inspection — Pre-ship data review 
® Individual unit packaging 


JAN S QUALIFIED DEVICES 
@® 54LS — Low-Power Schottky 


Military ; Military 
; Generic/ ; 

Device Type Device Type 
Industry No. 

M38510/ M38510/ 
30001 54LS00 30901 
30002 54LS03 30902 
30003 54LS04 30903 
30005 54LS10 30904 
30007 54LS20 30905 
30009 54LS30 30906 
30101 54LS73A 30908 
30102 54LS74A 31001 
30103 54LS112 31004 
30106 54LS174 31101 
30107 54LS175 
30109 54LS109A 31202 
30110 54LS76A 31401 
30201 54LS40 31402 
30202 54LS37 31501 
30203 54LS38 31502 
30301 54LS02 31503 
30302 54LS27 31504 

31508 
30401 54LS51 31509 
30402 54LS54 34519 
30501 54LS32 31513 
30502 54LS86 31605 
30601 54LS194A 32102 
30605 54LS164 
30608 54LS165A 32202 
30609 54LS166A 32203 

32204 
30701 54LS138 


Generic/ 


Industry No. 


54L$151 
54LS153 
54LS157 
54LS158 
54LS251 | 
54LS257B 
54LS253 


54LS11 
54LS08 


54LS85 
54LS283 


54L$123 
54LS221 


54LS90 
54LS93 
54LS160A 
54LS161A 
54LS193 
54LS191 
54LS163A 
54LS190 


54LS259B 
54LS26 


54LS366A 
54LS367A 
54LS368A 
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@® 54LS — Low-Power Schottky (continued) 


Military ; Military ; 

; Generic/ ; Generic/ 

Device Type Device Type 
Industry No. Industry No. 
M38510/ M38510/ 

32401 54LS240 32702 54LS393 
32403 54LS244 32803 5ALS245 
32501 54LS273 32901 54LS280 
32502 54LS373 
32503 54LS374 36001 54LS148 
32504 54LS377 36101 54LS173A 
32601 54LS155A 
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® 54HC — High-Speed CMOS 


Military ; Military 
; Generic/ ; Generic/ 
Device Type Fidlinetec ithe Device Type nee 
u ‘ n : 
M38510/ , M38510/ ae 
65001 54HCOO 65701 54HCO4 
65002 54HC10 65703 54HC240 
65003 54HC20 65704 54HC241 
65004 54HC30 65705 54HC244 
65101 5AHCO2 65706 54HC365 
65102 54HC27 65708 54HC367 
65103 54HC266 pistes o4HC368 
65104 54HC4002 S4HC540 
65711 54HC541 
65201 54HC32 65755 54HCT244 
65202 S4HC86 65760 54HCT540 
65203 54HCO8 65761 54HCT541 
65204 54HC11 
65802 54HC138 
65302 54HC74 65803 54HC139 
65304 04HC109 65852 54HCT138 
65305 54HC112 
65306 54HC173 66302 54HC161 
65307 5AHC174. 66304 54HC163 
65308 54HC175 66309 54HC393 
65352 54HCT74 
@ 54F 
65402 54HC259 
65403 54HC373 Military 
65406 54HC573 Seuien Generic/ 
65453 54HCT373 ewes YES Industry No. 
M38510/ 
65503 54HC245 
65553 54HCT245 33201 54F240 
65601 54HC273 33202 O4F 241 
65602 54HC374 34105 54F374 
65604 54HC574 34803 54F245 
65652 54HCT374 
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LOCKHEED MONITORED LINE SERVICE 


The Lockheed monitored line is a supply system for extremely reliable semiconductor products 
developed to meet U.S.Air Force requirements. 


It is also a monitoring service for government agencies and subcontractors. It is an approved 
substitute Class ‘’S’’ as specified in MIL-STD-1546. 


JOINT U.S. AIR FORCE/LOCKHEED CONTRACT 


U.S. Air Force performs program management for the Monitored Line. The Air Force also acts 
as an agency to transfer funds for Monitored Line Services. 


Lockheed Missiles and Space Company established a Monitored Line Service Program office. 
Resident Product Assurance personnel were assigned to supplier’s facility. In addition, LMSC 
prepares and maintains device specifications, reviews Device Configuration Baseline 
Documentation, reviews manufacturing/inspection flowcharts and verifies compliance to 
specifications by inspection and monitoring. 


ADVANTAGES OF MONITORED LINE SERVICE (MLS) 
SPECIFICATIONS 


Specifications are presently available for over 250 device types. The MLS will write specifications 
for additional devices upon request. They provide engineering resources to define and negotiate 
specifications. They also control and maintain detail and general specifications. The premier 
advantage is that the MLS eliminates the need for custom source control drawings. 


SOURCE INSPECTION 


MLS maintains on-site quality source inspectors. They require six inspection points during the 
manufacturing process, and monitor every operation from wafer fabrication through shipping. 
The need for traveling quality inspectors is eliminated. 


PROCUREMENT 


There is a quicker response to Requests For Quote (RFQs) because specification evaluation 
and negotiation is not required. Manufacturing cycle time is reduced because process documents 
are already prepared, and many devices may be readily available from stock. 


QUALITY CONTROL 


MLS provides resident personnel for quality inspection and monitoring. They maintain records 
for each lot of devices manufactured, review all test data and reports. They also perform Destruct 
Physical Analysis on each lot. They provide General Specifications for Quality Control and 
conduct Quality Inspection Surveys. 


Additional Customer ‘’Quality Clauses’’ are not required. Single lot data codes (for DPA purposes) 
are not required. 
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MONITORED LINE DATA PROVIDED 


Performed by Texas Instruments: 
@ Electrical parameters variable data 
@ X-Ray report 
@® SEM report 
® Certificate of Compliance 
® Radiation Test Data (when required) 


Additional data provided by Monitored Line Service: 
@ Delid report 
@® Data verification report 
® Serial number report 


HOW TO BUY MONITORED LINE DEVICES 


Monitored Line Services has no contractual relationship with Tl. MLS users must authorize 
Lockheed to perform monitoring services. Tl supplier charges do not include the Lockheed effort. 


The U.S. Air Force acts as the agency for collecting the funds. All users must pay for Monitored 
Line Services. An interagency transfer of funds is performed placing funds in Monitored Line 
Air Force PCO. 


To become an authorized Monitored Line user; you must arrange for a transfer of funds through 
the contracting officer and receive a Monitored Line Authorization Number. 


ENTERING PURCHASE ORDERS 


A confirming Purchase Order is required prior to order placement. The Purchase Order need 
only contain: 

® Monitored Line Authorization Number 

® Monitored Line Part Number 

® Quantity, price, and delivery requirements 

® Government Contract Number and Priority Rating 


SEQ — 010D SPACE LEVEL PROCESSING 
SEQ — 010D 


SEQ — 010D provides a method to procure high-reliability space level devices which are not 
presently available as JAN Class S Qualified or on the Lockheed Monitored Line. 


SPECIFICATION 


The SEQ specification is defined by Texas Instruments as a standard manufacturing flow to 
provide a Space Equivalent process. This specification meets all the processing steps as defined 
by Method 5004 for Class S. 
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ADVANTAGES 


@® Widest range of product types and technologies 

@® Reduced procurement cycle time as the specs are already written 
@ New devices can be quickly added upon request 

@ Purchase order options available 


DATA PROVIDED 


Each shipment of SEQ devices includes the following data 


@® SEM Report @ 100% Processing Summary 

® Group A Summary @ X-ray report 

® Certificate of Compliance @® Pre and Post Burn-in 25°C dc variables 
data 


ENTERING PURCHASE ORDERS 


A confirming Purchase Order is required prior to order placement. The Purchase Order need 
only contain 

@ SEO part number 

® Quantity, price, delivery requirements 

® Government Contract Number and Priority Rating 

® Applicable ‘‘Quality Clauses’’ and optional requirements 


SEQ OPTIONS 


@® Customer Source Inspection at Pre-Cap 

® Customer Source Inspection at Pre-ship data review 
® Quality Conformance Testing 

@® Data book or JAN slash sheet electricals 


12-10 


USAF/LOCKHEED 
MONITORED LINE 
SYMBOLIZATION 


Tl Logo —p» 4 YYDD | q@— Date Code 
-~ 95065-004 


ESD_p»| /\ XXXX |4— Serial 
Triangle Number 
Monitored Line 
Specification 
Number 
Example: 
Monitored Line Part Number — 95065-004 
Tl Special Device Number — MPD13781J 
Parent Device Type — 54LSOOJ 
JAN S 
Symbolization 
Tl FSCM NO —® | 01295 q— Data Code 
Ti Logo 
ESD —p>]} /\ <— Serial 
Triangle Number 
JANS Part Number 
Example: 
JANS Part Number — JM38510/30001SCA 
Parent Device Type — 54LSOQOJ 
SEQ 
Symbolization 
Tl Logo —> YYDD | @— Date Code 
54LSO00J/SCA 
EsD —> | Z\ 4— Serial 
Triangle Number 
SEQ Part Number 
Example: 


SEQ Part Number — 54LSOOJ/SCA 
Parent Device Type — 54LSOOJ 
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Lockheed Monitored Line Products 
Currently Available from TI* 


Technology Number of Types 


99 
42 
22 
74 
18 

2 


* Other device types can be added to the Monitored Line 
upon request. 


HC/HCT 
ALS 
Linear 


Space Products 
Technology/Package Matrix 


FLAT PACK 


x 
54S 


CHIP CARRIER 


54AC/ACT 
54BCT 


on 
mS 
> 
= 
Cp) 


Space Products 
Technology/Specification Matrix 


Tech/Specification SEQ/SCD 
54LS 


54XxX 
54HC/HCT 


54AC/ACT 
54BCT 
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European & Space Specifications 


(v) 
wom 
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European Military & Space Specifications 


EUROPEAN MILITARY SPECIFICATIONS 


For over ten years, Texas Instruments in Europe has supported the British and French 
National Military Standards which are now included in the Cenelec Electronic Components 
Committee (CECC). 


CECC is composed of those member countries of the European Committee for 
Electrotechnical Standardization (CENELEC) who wish to take part in a harmonized system 
for electronic components of assessed quality. 


At this time, the member countries of the CECC are: Austria, Belgium, Denmark, Finland, 
France, Germany, Ireland, Italy, The Netherlands, Norway, Portugal, Spain, Sweden, 
Switzerland and the United Kingdom. 


CECC Nomenclature 


Logic 
SN 54 XX XX J X B 
| | | | | I C«CSCreening Class 
| | | | | 
| | | | Assessment Level 
i | i i | 
i | | i | 
1 i i i | Ceramic Package 
i | | | 
| | | | 
| | | | Function 
i | | 
| | | 
| | | Family: HC = HCMOS 
| | LS = Low Power Schottky 
, . S = Schottky 
Prefix | Military Temperature Range (—55/+125 °C) 
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Advanced Products 


SM 4256 -12 JD S Y B 
| 
| 


[ =< » Screening Class 


Pretix q=seese=— 


| 
| 
i 
i 
ct > Assessment Level 
I 


Product Identification <---- ----> Temperature Range 


S = —55/+100 °C 


PESe ie —-ees > Package Type 
—12 = 120 ns JD = Side Brazed 
CECC SYMBOLIZATION 


Type Designation 


Inspecting 
Country CECC Logo 

Fr = France 
Lead Finish 


Screening Class 
Assessment Level 


E.S.D. Indicator 
Bar Revision-Date Code 


Country of Assembly 
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CECC Class B Screening Option 


Pre-Cap Inspection 


Internal Visual Examination 
Level B 


High Temperature Storage 
+150 °C for 24 Hours 


Rapid Change of Temperature 
10 Cycles 
—65 °C to +150 °C 


Acceleration Steady Level 
294,000 M/S/S 
Direction Y2 


Fine and Gross Leak Tests 


Electrical Tests at +25 °C 
as per Sub-Groups A2, A3 


Burn-In Screen 
160 Hr Min at +125 °C 


Final Electrical Tests 
per Relevant Detail Specification 
as per Sub-Groups A2, A3, A4, Ad 


External Visual Examination 
Sample Test to Groups A, B, C, D 
as Appropriate Detail Specifications 


CECC Quality Assurance Tests 
| iescription |S Frequency 


Electrical DC and AC parameter test at ambient, Each lot 
high and low temperature, on a sample. 


Mechanical and environmental tests on a Every week code 
sample, burn in. per family 
Solderability, hermeticity... per package 


Die-related tests (1000 hrs life test, elec test, Every quarter 
temp cycling, acceleration, hermeticity...) per family 
per package 


Burn in (8000 hrs) 
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CECC Low Power Schottky Product Spectrum 


The following products are qualified or to be qualified to Class B CECC flow. Texas 
Instruments does not guarantee qualification on planned devices. 


Generic BS CECC Assessment UTE CECC Assessment 
Industry No Spec # Level Spec # Level 


54LS00 90103-001 90103-183 Approved 
54LS01 90103-002 é 90103-186 : Approved 
54LS02 90103-003 R 90103-188 Y Approved 
54LS03 90103-004 R 90103-186 ¥ Approved 
54LS04 90103-005 R 90103-183 Y Approved 
54LS08 90103-007 R 90103-226 ¥ Approved 
54LS09 90103-008 R 90103-227 ¥ Approved 
54LS10 90103-009 R 90103-183 ¥ Approved 
54LS11 90103-010 R 90103-226 ¥ Approved 
54L$12 90103-011 R Approved 
54L$13 90103-012 R 90103-225 Y Approved 
54L$14 90103-013 R 90103-225 bd Approved 
54L$15 90103-014 R Approved 
54LS20 90103-015 R 90103-183 ¥ Approved 
54LS821 90103-016 R 90103-226 ¥ Approved 
54LS22 90103-017 R Approved 
54LS26 90103-018 R 90103-190 7 Approved 
54LS27 90103-019 R 90103-188 ¥ Approved 
54LS28 90103-020 R 90103-218 ¥ Approved 
54LS30 90103-021 R 90103-184 Y Approved 
541532 90103-022 R 90103-208 ¥ Approved 
54LS33 90103-023 R Approved 
54LS37 90103-024 R 90103-185 i Approved 
54LS38 90103-025 R 90103-187 7 Approved 
54LS40 90103-026 R Approved 
54LS42 90103-027 R 90103-198 if Approved 
54LS47 90103-028 R Approved 
54LS49 90103-029 R Approved 
54L$51 90103-030 R 90103-189 ¥ Approved 
54LS54 90103-031 R 90103-189 Y Approved 
54LS74A 90103-034 R 90103-196 ¥ Approved 
54LS75 90103-035 R Approved 
54LS76A 90103-036 R Approved 
54LS83A 90103-038 R Approved 
54LS85 90103-039 R 90103-199 Y Approved 
54LS86A 90103-275 bd Approved 
54LS90 90103-041 R Approved 
54LS91 90103-042 R Approved 
54LS92 90103-043 R 90103-243 ¥ Approved 
54LS93 90103-044 R Approved 
54LS95B 90103-135 R Approved 
54LS107A 90103-046 R 90103-283 ¥ Approved 
54LS109A 90103-047 R 90103-200 ¥ Approved 
54L$122 90103-050 R 90103-237 YT Approved 
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CECC Low Power Schottky Product Spectrum 


Generic BS CECC Assessment UTE CECC Assessment Qual 
Industry No Spec # Level Spec # Level Status 


54L$123 
54LS125A 
54LS126A 
54LS132 
54LS136 
54LS138 
54LS139A 
54LS145 
54LS151 
54LS153 
54LS156 
54LS157 
54LS158 
54LS160A 
54LS161A 
54LS162A 
54LS163A 
54LS164 
54LS165A 
54LS166A 
54LS169B 
54LS170 
54LS173A 
54LS174 
54LS175 
54LS183 
54LS190 
54LS191 
54LS192 
54LS193 
54LS194A 
54LS195A 
54LS221 
54LS240 
54LS241 
54LS242 
54LS243 
54LS244 
54LS245 
54LS247 
54LS248 
54LS251 
54LS253 
54LS257B 


90103-051 
90103-053 
90103-054 
90103-055 
90103-056 
90103-057 


90103-059 
90103-062 
90103-063 
90103-064 
90103-065 
90103-066 
90103-067 
90103-068 
90103-069 
90103-070 
90103-071 


90103-073 


90103-075 
90103-076 
90103-077 
90103-138 
90103-079 
90103-080 
90103-139 
90103-081 
90103-083 
90103-033 
90103-084 
90103-086 
90103-087 
90103-088 
90103-089 
90103-090 
90103-091 
90103-092 
90103-093 
90103-094 
90103-096 
90103-097 


DUDUMUIIWIWIIWIIID DV DUD DD DD 


< 


DUDIWDWIDBIWIWIIIWIIAIIIIWIIIIVIVIAII ADD 


90103-191 
90103-201 
90103-285 
90103-225 


90103-209 
90103-209 


90103-193 
90103-194 


90103-195 
90103-231 
90103-286 
90103-210 
90103-254 
90103-255 
90103-207 
90103-287 


90103-309 


90103-202 
90103-205 


90103-266 
90103-245 
90103-214 
90103-206 
90103-232 
90103-220 
90103-217 
90103-276 


90103-253 
90103-216 


90103-211 
90103-212 
90103-213 


<< <~<<<<<<<< << ~< <<<<<<<<~< «<< << «<<<< 


<<< 


Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Planned 

Planned 

Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 


13-7 


CECC Low Power Schottky Product Spectrum 


Generic BS CECC Assessment UTE CECC Assessment 
Industry No Spec # Level Spec # Level 


54LS258B 
54LS259B 
54LS261 
54LS266 
54LS273 
54LS279A 
54LS280 
54LS283 
54LS290 
54LS293 
54LS295B 
54LS298 
54LS348 
54LS352 
54LS353 
54LS365A 
54LS366A 
54LS367A 
54LS368A 
54LS373 
54LS374 
54LS375 
54LS377 
54LS386A 
54LS390 
54LS393 
54LS395A 
54LS399 
54LS490 
54LS540 
54LS541 
54LS640 
54LS645 
54LS668 
54LS669 
54LS5670 
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90103-101 
90103-182 
90103-102 


90103-105 
90103-106 
90103-107 
90103-108 
90103-171 
90103-109 
90103-117 
90103-118 
90103-119 
90103-143 
90103-120 
90103-121 
90103-144 


90103-181 
90103-124 


90103-128 
90103-129 
90103-172 
90103-131 
90103-180 
90103-146 
90103-147 
90103-163 
90103-168 
90103-169 
90103-173 
90103-174 


DDD 


DmUmmmIwmIwIIIIID DV 


DwUwmDwDI~<WDWIWDIIIIAD 


90103-257 
90103-203 


90103-249 
90103-238 
90103-221 
90103-204 


90103-242 


90103-239 


90103-272 


90103-235 
90103-240 
90103-223 
90103-224 


90103-275 
90103-263 
90103-264 
90103-246 


: 


<~<~<< 


<<~<< 


<<~<<«< 


Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 


CECC Schottky Product Spectrum 


The following products are qualified or to be qualified to Class B CECC flow. Texas 
Instruments does not guarantee qualification on planned devices. 


Generic BS CECC Assessment 
Industry No Spec # Level 


54500 90102-001 R Approved 
54502 90102-045 si Approved 
54804 90102-003 R Approved 
54S08 90102-014 R Approved 
54310 90102-004 R Approved 
54911 90102-016 R Approved 
548113 90102-048 R Approved 
54S 132 90102-010 R Approved 
54$133 90102-011 R Approved 
548134 90102-024 R Approved 
548135 90102-049 R Approved 
54S 138 90102-050 R Approved 
54$151 90102-052 R Approved 
545153 90102-053 R Approved 
5438157 90102-026 R Approved 
54S 158 90102-027 R Approved 
54S 162 90102-054 R Approved 
54$163 90102-028 R Approved 
54S169 90102-030 R Approved 
548174 90102-031 R Approved 
54$175 90102-055 R Approved 
54$182 90102-056 R Approved 
54$194 90102-033 R Approved 
54820 90102-005 R Approved 
548241 Planned 

548244 90102-042 b Approved 
54$251 90102-059 R Approved 
54$S257 90102-060 R Approved 
54$258 90102-061 R Approved 
54S260 90102-036 R Approved 
54S280 90102-062 b i Approved 
548283 90102-040 R Approved 
54S30 90102-007 R Approved 
54S$32 90102-046 Y Approved 
543537 90102-018 R Approved 
548373 90102-038 ¥ Approved 
548374 90102-039 ¥ Planned 

54838 90102-008 R Approved 
54540 90102-009 R Approved 
54S51 90102-063 R Approved 
54864 90102-019 R Approved 
54874 90102-021 R Approved 
54$85 90102-044 R Approved 
54S$86 90102-022 R Approved 
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CECC HCMOS Product Spectrum 


The following products are qualified or to be qualified to Class B CECC flow. Texas 
Instruments does not guarantee qualification on planned devices. 


Generic CECC Assessment 
Industry No Spec # Level 


54HCO00 90109-601 id Approved 
54HCO2 90109-617 Y Approved 
54HCO03 90109-654 ¥ Approved 
54HC04 90109-633 ¥ Approved 
54HCO05 90109-676 Y Approved 
54HC08 90109-605 Y Approved 
54HCO9 90109-677 ¥ Approved 
54HC10 90109-602 ¥ Approved 
54HC11 90109-622 Y Approved 
54HC14 90109-640 Y Approved 
54HC20 90109-6003 ¥ Approved 
54HC21 90109-658 Y Approved 
54HC27 90109-618 Y Approved 
54HC30 90109-604 ¥ Approved 
54HC32 90109-619 ¥ Approved 
54HC36 90109-659 Y Approved 
54HC42 90109-672 Y Approved 
54HC51 90109-660 ¥ Approved 
54HC74 90109-606 ¥ Approved 
54HC86 90109-620 ¥ Approved 
54HC107 90109-637 Y Approved 
54HC109 90109-627 Y Approved 
54HC112 90109-638 Y Approved 
54HC113 90109-639 ¥ Approved 
54HC114 90109-679 Y Approved 
54HC125 90109-665 ¥ Approved 
54HC126 90109-666 ¥ Approved 
54HC132 90109-623 Y Approved 
54HC133 90109-661 ¥ Approved 
54HC137 90109-680 Y Approved 
54HC138 90109-608 ¥ Approved 
54HC139 90109-681 ¥ Approved 
54HC151 90109-641 : Approved 
54HC152 90109-732 Y Approved 
54HC153 90109-642 Y Approved 
54HC157 90109-643 ¥ Approved 
54HC158 90109-644 ¥ Approved 
54HC160 90109-630 ¥ Approved 
54HC161 90109-631 Y Approved 
54HC163 90109-646 ¥ Approved 
54HC164 90109-621 ¥ Approved 
54HC165 90109-682 Y Approved 
54HC166 90109-799 Y Approved 
54HC173 90109-711 ¥ Approved 
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54HC174 
54HC175 
54HC180 
54HC190 
54HC191 
54HC192 
54HC193 
54HC194 
54HC195 
54HC237 
54HC238 
54HC240 
54HC241 
54HC242 
54HC243 
54HC244 
54HC245 
54HC251 
54HC253 
54HC257 
54HC258 
54HC259 
54HC266 
54HC273 
54HC280 
54HC352 
54HC353 
54HC365 
54HC366 
54HC367 
54HC368 
54HC373 
54HC374 
54HC377 
54HC378 
54HC379 
54HC386 
54HC390 
54HC393 
54HC533 
54HC534 
54HC540 
54HC541 
54HC563 


CECC HCMOS Product Spectrum 


Generic CECC Assessment Qual 
industry No Spec # Level Status 


90109-609 
90109-624 
90109-734 
90109-752 
90109-727 
90109-728 
90109-729 
90109-615 
90109-632 
90109-738 
90109-735 
90109-616 
90109-647 
90109-648 
90109-649 
90109-610 
90109-611 
90109-683 
90109-724 
90109-628 
90109-754 
90109-684 
90109-753 
90109-625 
90109-612 
90109-715 
90109-716 
90109-668 
90109-669 
90109-670 
90109-671 
90109-626 
90109-613 
90109-750 
90109-748 
90109-749 
90109-717 
90109-730 
90109-686 
90109-675 
90109-614 
90109-757 
90109-758 
90109-673 


<<<<«<«<<«<«<<«<«<<«<<<«<<<«<<<<<<<<<<<<<<<<<<<«<<<<«<«<«<« 


Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Planned 

Approved 
Planned 

Planned 

Planned 

Planned 

Approved 
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54HC573 
54HC574 
54HC590A 
54HC620 
54HC623 
54HC640 
54HC643 
54HC645 
54HC688 
54HC4002 
54HC4024 
54HC4075 
54HC4078 
54HCT240 
54HCT241 
54HCT244 
54HCT245 
54HCT373 
54HCT374 
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CECC HCMOS Product Spectrum 


Generic CECC Assessment 
Industry No Spec # Level 


90109-674 
90109-726 
90109-TBD 
90109-746 
90109-747 
90109-652 
90109-653 
90109-611 
90109-687 
90109-662 
90109-655 
90109-663 
90109-664 
90109-688 
90109-689 
90109-690 
90109-691 
90109-695 
90109-704 


<<<<<<«<<<«<<<«<«<<<«<<«<< 


Planned 

Approved 
Planned 

Approved 
Approved 
Approved 
Approved 
Approved 
Planned 

Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 


CECC Memory Product Spectrum 


The following products are qualified or to be qualified to Class B CECC flow. Texas 
Instruments does not guarantee qualification on planned devices. 


Generic CECC Assessment 
Industry No Spec # Level 


4416 DRAM 
4164 DRAM 
4256 DRAM 


27C256 EPROM 
61CD76 SRAM 
61CD16 SRAM 


CECC Standard TTL Product Spectrum 


The following standard TTL devices previously qualified to BS9000 specifications are 
planned to be qualified to the CECC system. Texas Instruments does not guarantee 


90112-001 
90112-002 
90112-003 


90113-001 
90111-003 


qualification on planned devices. 


5400 
5402 
5404 
5405 
5406 
5407 
5408 
5409 
5410 
5414 
5416 
5417 
5420 
5425 
5427 
5430 
5432 
5433 
5437 
5438 
5440 


5447A 
5472 
5473 
5474 
5475 
5476 
5486 
5490A 
5492A 
5493A 
5494 
5495A 
54120 
54121 
54122 
54123 
54128 
54132 
54136 
54150 


54151A 


Approved 
Approved 
Approved 


Approved 
Planned 


54153 
54154 
54155 
54157 
54161 
54163 
54164 
54165 
54173 
54174 
54175 
54178 
54180 
54199 
54221 
54365A 
54367A 
54368A 
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EUROPEAN SPACE PRODUCTS 


For over 15 years, Texas Instruments in Europe has manufactured and supplied high 
reliability integrated circuits for space and strategic military applications under the European 
Space Agency (ESA) / Space Component Committee (SCC) specification system. 


Space Project History and References 


Communication Satellites: OLYMPUS, EUTELSAT, INMARSAT, TELECOM 1, SKYNET IV, 
DFS, ITALSAT, INSAT Il, TDF TVSAT, TELE X, INTELSAT, ECS, 
TELECOM 2. 


Observation Satellites |=: SPOT, ARGOS/SARSAT, METEOSAT, ERS, HIPPARCOS, ROSAT, 


ISO. 
Scientific Satellites : EURECA, TOPEX/POSEIDON, TETHERED, SIGMA, EXOSAT. 
Launcher >: ARIANE, SPACELAB. 


Market Commitment 


Texas Instruments provides a dedicated facility in Villeneuve-Loubet, France, for engineering 
and manufacturing of European Space Products. Personnel are assigned for marketing, 
engineering, production, and quality assurance functions. 


Specifications / Qualification 


The ESA/ SCC Specification System is used for all space production and Texas Instruments 
European facilities have been qualified by ESA. 


Generic Specification for Integrated Circuits: ESA/SCC 9000 

Detail Specification for Each Device Type _: More than 300 available for Tl products, 
ESA/SCC 9XXX/XXX 

Basic Specifications > ESA/SCC 2XXXX 
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Conditions for ESA Qualification 


Evaluation Phase : Front end survey by ESA inspector. 
Assembly/test survey by ESA inspector. 
Temperature step stress on the technology. 
Process identification document (PID) with similarity list. 


Qualification Phase: Qualification, environment and endurance test matrix (Chart IV of 
ESA/SCC 9000 specification) with similarity rules. 
Detail ESA/SCC specification and number for each device type. 
Bar picture in the PID for each device type. 


Qualification maintenance every 2 years 


Quarterly review of PID with ESA and French Space Agency (CNES) inspectors 


Similarity Rules 


Three criteria have been defined to cover all electrical function aspects with a limited number 
of product types: 


Device Complexity : 1000 x Gates /Sq Mil (> 7 “High”, < 7 “Low”) 
Output Configuration: Totem Pole, Open Collector, Tri State 
Power Dissipation : Low Power, High Power (Buffers) 


comity | roe ee 
A 


Low TP 
High 
Low/High 
Low 
High 
Low/High 
Low 
High 
Low/High 


—-TrQOnm™M™VvV:dOW 
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SCC Flows 


Front end approval ESA ESA 
Manufacturing approval ESA/CNES ESA/CNES 
Traceability to diff lot * ” 
SEM inspection 

Hirel assembly/control 
Precap Condtion A 
Destr. bond strength 
Die shear test 

High temp stab bake 
Temp cycling 
Constant acceleration 
Pind test 


* * *K * * K K *K *K * 
* * * * * * x 


Marking 
Serialization 


* 


Electr Measurements 1 100% + Recording 100% No Recording 
HTRB (HCMOS only) 2x72 Hrs 2x72 Hrs 
Electr Measurements 2 100% + Recording 100% No Recording 
Burn-in 240 Hrs 168 Hrs 
Electr. Measurement 3 100% + Recording 100% No Recording 
Drift Calculation m 
X Ray inspection 
Seal test (fine & gross) * . 
Data documentation SEM, Xrays, Datalogs, Lot traceability, COC 
Lot traceability, COC 
* 


* 


* 


LAT 3, 2 or 1 


*Asterisks denote activity performed. 
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Lot Acceptance Tests 


Electrical measurements 
External visual 
Solderability 

Marking permanence 
Terminal strength 
Operating life test 

Elect measur at life test 
External visual 

Shock test 

Vibration 

Constant acceleration 
Thermal shock 

Moisture resistance 
Seal test 


* 


1000 Hrs 
* 


* 


1000 Hrs 
¥ 


* 


* Asterisks denote activity performed. 


Technology Availability/Qualification 


Technology Space Flow Availability ESA Qualification 


LS Yes 

ALS Yes 

S Yes 
HCMOS Planned (CNES PPL) 
55XXX No 

Ti. No 
MICROPROC. 9989D CNES PPL 
DSP 320C25 


SRAM (16,64,256K) Planned 
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SCC Product Status 


The ESA/SCC part number is obtained by ESA/SCC specification number + option + level; 
i.e., a 54LSOOJ ESA/SCC level B is 920101506B. 


If other device types are requested, contact Tl to check availability and to obtain the 
appropriate ESA/SCC specification from ESA. 


ALS Family SCC Product Status 


Tvpe ESA/SCC ESA Qual 
7 Spec Status 


54LS00 9201/015 Oct 85 

54LS02 9201/016 4B+ Sed Oct 85 a a . 
54LS03 9201/069 IB+DCR Oct 85 04 02 Yes 
54LS04 9202/009 4B Oct 85 06 02 03 Yes 
54LS05 9401/009 3C+DCR Oct 85 06 02 Yes 
54LS08 9201/035 4B Oct 85 06 02 Yes 
54LS09 9201/073 1B Oct 85 06 02 Yes 
54LS10 9201/017 4B+DCR Oct 85 06 02 Yes 
54LS11 9201/049 4B Oct 85 06 02 Yes 
54LS13 9409/001 3C+DCR Oct 85 06 02 Yes 
54LS14 9202/013 4C+DCR Oct 85 06 02 Yes 
54LS20 9201/018 4B+DCR Oct 85 06 02 Yes 
54LS21 9201/053 2B Oct 85 06 02 Yes 
54LS26 9201/036 3C Oct 85 06 02 Yes 
54LS27 9201/028 4B+DCR Oct 85 06 02 Yes 
54LS28 9401/008 3B+DCR Oct 85 06 02 Yes 
54LS30 9201/019 4D Jul 87 06 02 Yes 
54LS32 9201/038 5C +DCR Oct 85 06 02 Yes 
54LS37 9401/007 3B Oct 85 06 02 Yes 
54LS38 9202/017 4B Oct 85 06 02 Yes 
54LS40 9201/039 3B Oct 85 06 02 Yes 
54LS42 9205/008 4B Oct 85 06 02 Yes 
54LS51 9201/025 4B+DCR Oct 85 06 02 Yes 
54LS54 9201/026 2B Oct 85 06 02 Yes 
54LS73A 9203/014 4C+DCR Oct 85 06 02 Yes 
54LS74A = 9203/013 4D Mar 88 06 02 03 Yes 
54LS75 9203/008 4C Jul 87 06 02 Yes 
54LS76A 9203/015 4C Jul 87 06 02 Yes 
54LS83A 9202/030 3G Oct 85 06 02 Yes 
54LS85 9202/031 4B+DCR Oct 85 06 02 Yes 
54LS86A 9201/014 3B Oct 85 14 10 Yes 
54LS90 9204/010 4B Oct 85 06 02 Yes 
54LS92 9204/007 4C Oct 87 06 02 Yes 
54LS93 9204/008 3C Oct 85 06 02 Yes 
54LS95B 9306/009 4C+DCR Oct 85 06 02 Yes 
54LS96 9306/020 4C Oct 85 06 02 Yes 
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LS Family SCC Product Status 


Status 


54LS107A 
54LS109A 
54L$122 
54L$123 
54LS125A 
54LS132 
54LS138 
54LS139A 
54LS145 
54LS148 
54LS151 
54LS153 
54LS155A 
54LS157 
54LS158 
54LS160A 
54LS161A 
54L5163A 
54LS164 
54LS165A 
54LS166A 
54L5174 
54LS175 
54LS181 
54LS183 
54LS191 
54LS193 
54LS194A 
54LS195A 
54LS196 
54LS197 
54L$221 
54LS240 
54LS241 
54LS242 
54LS243 
54LS244 
54LS245 
54LS251 
54LS253 
54LS257B 
54LS259B 
54LS266 
54LS273 
54LS279A 
54LS280 
54LS283 
54LS321 


9203/020 
9203/024 
9207/004 
9207/002 
9401/011 
9409/004 
9205/004 
9205/003 
9406/002 
9410/003 
9202/015 
9202/016 
9205/009 
9202/027 
9202/028 
9204/014 
9204/015 
9204/016 
9306/011 
9306/029 
9306/030 
9203/018 
9203/019 
9202/005 
9202/064 
9204/031 
9204/017 
9306/012 
9306/019 
9204/018 
9204/019 
9202/033 
9401/014 
9401/016 
9405/003 
9405/004 
9402/003 
9405/002 
9202/052 
9202/029 
9202/010 
9202/070 
9201/050 
9203/030 
9202/053 
9208/001 
9202/032 
9202/066 


as 
20 

3B + DCR 
1C 


Oct 85 
Oct 85 
Jul 87 
Oct 85 
Jul 87 
Oct 85 
Nov 87 
Nov 87 
Oct 85 
Oct 85 
Nov 87 
Oct 85 
Oct 85 
Oct 85 
Oct 85 
Oct 85 
Oct 85 
Oct 85 
Oct 85 
Oct 85 
Aug 87 
Oct 85 
Oct 85 
Oct 85 
Oct 85 
May 84 
Oct 85 
Oct 85 
Oct 85 
Oct 85 
Oct 85 
Nov 87 
Mar 88 
Oct 85 
Oct 85 
Oct 85 
Oct 85 
Oct 87 
Oct 85 
Jul 87 
Aug 87 
Nov 87 
Oct 85 
Jul 87 
Oct 85 
Oct 85 
Oct 85 
Apr 86 


- 
02 
02 


03 


03 
03 


Ne 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 


Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 


Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 


Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
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LS Family SCC Product Status 


Type SCC Qual 
Status 


54LS365A 9401/017 
54LS367A 9202/054 
54LS368A 9202/055 


54LS373 
54LS374 
54LS375 
54LS377 


54LS386A 


54LS390 
54LS393 
54LS399 
54LS624 
54LS630 
54LS670 
54LS673 
54LS674 


54LS295B MA9306/027 
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9203/034 
9203/031 
9203/039 
9203/035 
9201/081 
9204/033 
9204/034 
9408/016 
9410/004 
9410/007 
9301/001 
9306/035 
9306/036 


Oct 85 
Oct 85 
Oct 85 
Oct 85 
Oct 85 
Jul 87 
Oct 85 
Oct 85 
Nov 85 
Aug 87 
Oct 85 
Oct 85 
Apr 85 
Jul 87 
Aug 88 
Oct 85 
May 88 


. 
02 


02 


vs 
Yes 


Yes 
Yes 
Yes 


Yes 
Yes 
Yes 


Yes 
Yes 
Yes 


S Family SCC Product Status 


— ESA/SCC ESA Qual 
Spec Status 


54500 
54502 
54504 
54509 
54510 
54511 
54520 
54S22 
54530 
54$32 
54537 
54S51 
54874 
54586 
545112 
545113 
545138 
545140 
545151 
54S 153 
545158 
545163 
543174 
543175 
545189 
545194 
545195 
545196 
54S$251 
54S260 
545280 
54S374 


9201/056 
9201/074 
9401/012 
9201/057 
9201/058 


9201/059 
9201/077 
9201/060 
9201/112 
9401/015 
9201/078 
9203/026 
9201/079 
9203/028 
9203/027 
9408/010 
9402/004 
9408/007 
9408/008 
9408/042 
9204/029 
9203/032 
9203/033 
9301/006 
9306/031 
9306/024 
9204/044 
9408/020 
9201/083 
9202/059 
9203/041 


i 
1B 
1B 
1B 
Draft A 
1B 
1B 
1B 
1 
1B 
1 
1C 
1B 
2A 
1B 
1B 
1B 
1B 
1B 
2 
1B 
1B 
1B 
Draft 1 


1C + DCR 


1B 
1B 
1B 
1 
1B 
1B 


Mar 86 
Mar 86 
Mar 86 
Mar 86 
Mar 86 
Jul 85 
Mar 86 
Mar 86 
Jan 87 
Apr 86 
Mar 86 
Feb 87 
Aug 88 
Mar 86 
Aug 87 
Aug 87 
Mar 86 
Aug 87 
Mar 86 
Mar 86 
Mar 88 
Mar 86 
Mar 86 
Jan 87 
Jan 80 
Feb 88 
Mar 86 
Mar 86 
Mar 86 
Feb 87 
Mar 86 
Mar 86 


0 
02 
02 
02 


02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 


] 
Yes 
Yes 
Yes 


Yes 
Yes 
Yes 


Yes 


Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 


Yes 
Yes 
Yes 


Yes 
Yes 
Yes 
Yes 


Yes 
Yes 
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HC Family SCC Product Status 


— ESA Qual 
yp Status 


54HC241 
54HC242 
54HC243 
54HC244 
54HC245 
54HC251 
54HC253 
54HC257 
54HC258 
54HC259 
54HC266 
54HC27 
54HC273 
54HC280 
54HC30 
54HC32 
54HC36 
54HC365 
54HC366 
54HC367 
54HC368 
54HC373 
54HC374 
54HC377 
54HC378 
54HC379 
54HC386 
54HC390 
54HC393 
54HC4002 
54HC4024 
54HC4075 


54HC4078A 


54HC42 
54HC51 
54HC533 
54HC534 
54HC540 
54HC541 
54HC563 
54HC564 
54HC573 
54HC574 
54HC590A 
54HC595 
54HC620 
54HC623 
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Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
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HC Family SCC Product Status 


Te ESA Qual 


54HCOO 

54HCO2 

54HCO3 

54HC04 

54HC05 

54HC08 

54HCO9 

54HC10 

54HC107 
54HC109 
54HC11 

54HC112 
54HC113 
54HC114 
54HC125 
54HC126 
54HC132 
54HC133 
54HC137 
54HC138 
54HC139 
54HC14 

54HC151 
54HC152 
54HC153 
54HC157 
54HC158 
54HC160 
54HC161 
54HC163 
54HC164 
54HC165 
54HC166 
54HC173 
54HC174 
54HC175 
54HC180 
54HC190 
54HC191 
54HC192 
54HC193 
54HC194 
54HC195 
54HC20 

54HC21 

54HC237 
54HC238 
54HC240 


Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
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Microprocessor 


Tvoe ESA/SCC ESA Qual 
YP Spec Status 


SBP9989D 9511/002 Draft B Apr 88 


TTL Family SCC Product Status 


SCC Qual 


5400 9201/001 Apr 79 

5402 9201/085 i Jul 83 - i 
5404 9202/001 2 Apr 79 06 02 
5406 9401/002 2A+DCR — Jul 87 06 02 
5410 9201/086 1+ DCR Jul 83 06 02 
5413 9202/002 2 Apr 79 06 02 
5420 9201/002 2 Apr 79 06 02 
5430 9201/0390 Draft A Nov 83 06 02 
5438 9201/003 2A+DCR — Jul 87 06 02 
5440 9201/004 2 Apr 79 06 02 
5451 9201/005 1 Aug 78 06 02 
5472 9203/011 1A Jul 87 06 02 
5473 9203/001 2A Jul 87 06 02 
5474 9203/002 2 Apr 79 06 02 
5486 9201/087 1 Jul 83 06 02 
5495A 9306/037 1 Jul 83 06 02 
54121 9206/002 2A Jul 87 06 02 
54125 9401/003 2A Jul 87 06 02 
54126 9401/004 2A Jul 87 06 02 
54148 9205/005 2 Apr 79 06 02 
54151A 9202/007 2 Apr 79 06 02 
54155 9205/002 2 Apr 79 06 02 
54163 9204/027 2 Apr 79 06 02 
54164 9306/038 1 Jul 83 06 02 
54173 9306/021 2A Jul 87 06 02 
54174 9203/029 1 Jan 80 06 02 
54180 9202/008 1 Aug 78 06 02 
54193 9204/049 1 Jul 83 06 02 
54367A 9401/001 2 Apr 79 06 02 
54368A 9401/005 2 Apr 79 06 02 
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ALS Family SCC Product Status 


ESA/SCC ESA Qual 
+ 


54ALSO0A 
54ALS02 
54ALS04A 
54ALS05 
54ALS08 
54ALS09 
54ALS10 
54ALS11 
54ALS20A 
54AL821 
54ALS27 
54ALS28A 
54ALS30 
54ALS32 
54ALS37A 
54ALS38A 
54ALS40A 
54ALS74A 
54ALS86 
54ALS109 
54ALS109A 
54ALS112A 
54ALS138 
54ALS151 
54ALS161A 
54ALS163A 
54ALS174 
54ALS175 
54ALS193 
54ALS240A 
54ALS241A 
54ALS244A 
54ALS245A 
54ALS253 
54ALS257 
54ALS258 
54ALS299 
54ALS353 
54ALS373 
54ALS374 
54ALS520 
54ALS569A 
54ALS573 
54ALS574A 
54ALS576 
54ALS645A 
54ALS874A 


54ALS1000A 


9201/088 
9201/089 
9401/024 
9401/023 
9201/092 
9201/104 
9201/093 
9201/094 
9201/095 
9201/096 
9201/097 
9401/027 
9201/098 
9201/091 
9401/026 
9401/022 
9401/025 
9203/043 


9203/049 
9203/049 
9203/055 
9205/012 
9408/029 
9204/055 
9204/057 
9203/047 
9203/048 
9204/058 
9401/032 
9401/028 
9402/005 
9405/006 
9408/031 
9408/032 
9408/033 
9306/039 
9408/034 
9202/071 
9203/045 
9209/003 
9204/056 
9202/067 
9203/042 
9203/056 
9405/005 
9203/046 
9201/100 


pw NN DS 


—_— 


2+DCR 


NO 


NO —@ NB NM — ND NH LN 


1 
2+DCR 
Draft A 

1A 
1A 


1A 
Draft B 

1 
Draft A 

1 
2+DCR 

1 

1 

1A 

1 


Jan 87 
Jan 87 
Jan 87 
Jan 87 
Jan 87 
Mar 86 
Jan 87 
Jan 87 
Jan 87 
Jan 87 
Jan 87 
Mar 85 
Jan 87 
Jan 87 
Mar 85 
Mar 85 
Mar 85 
May 87 
Jul 85 
May 87 
May 87 
Mar 86 
Mar 86 
Apr 86 
Apr 86 
Mar 86 
Apr 86 
Mar 86 
Mar 86 
Mar 86 
Jul 87 
Mar 87 
Apr 86 
Mar 86 
Mar 86 
Mar 86 
Apr 86 
Mar 86 
Mar 86 
Feb 86 
Apr 86 
Mar 84 
Mar 86 
Jan 87 
Mar 86 
Mar 85 
May 87 
Mar 86 


08 
02 


= 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 
Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


13-25 


HC Family SCC Product Status 


ESA Qual 


54HC640 
54HC643 
54HC645 
54HC688 
54HC74 
54HC75 
54HC85A 
54HC86° 
54HCT137 
54HCT138 
54HCT237 
54HCT238 
54HCT240 
54HCT241 
54HCT244 
54HCT245 
54HCT373 
54HCT374 
54HCT540 
54HCT541 
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Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
Data Book 
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ALS Family SCC Product Status 


ESA/SCC ESA Qual 


54ALS1002A 9201/101 Draft C Jun 85 


54ALS1004 9401/036 1 Mar 86 a a3 

54ALS1008A 9401/021 3 Jan 87 12 08 09 Yes 
54ALS1010A 9401/031 1 Mar 86 06 02 03 Yes 
54ALS1011A 9201/102 1 Mar 86 06 02 03 Yes 
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Process Flows 


WMechaical 


Data Sheets 
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DATA SHEETS 
INTRODUCTION 


The data sheet section contains data sheets of selected military devices. It includes stand- 
alone military data sheets of linear functions not published in other data books, MOS memory 
data sheets, MOS DSP/GSP/VLSI data sheets, and ASIC data sheets. In addition, there is a 
baseline in the beginning of the section that lists all military released parts and the appropriate 
data book page number or data sheet literature number of that device. 


In conformance with MIL-STD-883, all parameters listed on the appropriate data sheet are tested 
if amin or max limit is specified unless there are exceptions listed in the Military Products Baseline 
and Errata to Data Books. The errata book should be referenced for a complete errata status 
of all data sheets. Errata will include actual parametric limit changes, notations that indicate 
that a parameter is guaranteed via characterization data but not production tested, parametric 
test condition changes, and clarifying notes. The Military Products Baseline and Errata to Data 
Books is published twice a year (20 and 4Q) with updates published on a monthly basis. If 
you desire to be added to the mailing list for this publication contact: 


Linda Bonner 

Market Communications 

Texas Instruments Incorporated 
PO Box 60448, M/S 3028 
Midland, TX 79711-0448 
(915)561-7142 
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MILITARY PRODUCTS BASELINE 


TI 
PRODUCT SECTION 
DATA BOOK/DATA SHEET REFERENCE 
NUMBER & PAGE 
DOCUMENT 


ADCO808M LINEAR CIRCUITS DATA BOOK, VOLUME 2, 1989 SLYDOO04 
ADCO809M ADCO809M DATA SHEET SLASOO2 
AD7524M AD7524 DATA SHEET, JUNE 1988 SLNSO22 
AD7528M AD7528 DATA SHEET, JUNE 1988 SLNSO24 


AM26LS32AM INTERFACE CIRCUITS DATA BOOK, 1987 SLYDOO2 
AM26LS33AM INTERFACE CIRCUITS DATA BOOK, 1987 SLYDOO2 4-13 
JBP18S030 TTL DATA BOOK, VOLUME 4, 1986 SDZDO01B 4-5 

JBP28L22 TTL DATA BOOK, VOLUME 4, 1986 SDZDO01B 
JBP28L42 TTL DATA BOOK, VOLUME 4, 1986 SDZDO001B 
JBP28S42 TTL DATA BOOK, VOLUME 4, 1986 SDZDO01B 4-11 
LM108 LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 SLYDOO3 2-21 
LM118 LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 SLYDOO3 
LM124 LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 SLYDOO3 
LM139 LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 SLYDOO3 3-17 
LM139A LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 SLYDOO3 3-17 
LM148 LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 SLYDOO3 
LM158 LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 SLYDOO3 
LM193 LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 SLYDOO3 3-21 
| LTC1044M LINEAR CIRCUITS DATA BOOK, VOLUME 3, 1989 SLYDOO5 2-59 
LT1007M LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 SLYDOO3 
LT1007AM LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 SLYDOO3 
LT1009M LINEAR CIRCUITS DATA BOOK, VOLUME 3, 1989 SLYDOO5 2-51 
LT1011M LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 SLYDOO3 3-37 
LT1011AM LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 SLYDOO3 
LT1037M LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 SLYDOO3 2-83 
LT1037AM LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 SLYDOO3 2-83 
LT1070M LINEAR CIRCUITS DATA BOOK, VOLUME 3, 1989 SLYDOO5 3-9 

MC1558 LINEAR CIRCUITS DATA BOOK, 1984 SLYDOO1 
MC3550 MC3550 DATA SHEET, FEBRUARY 1989 SGLSO24 — 
MC3552 MC3552 DATA SHEET, FEBRUARY 1989 SGLSO24 — 
MC3553 MC3553 DATA SHEET, OCTOBER 1988 SGLSO25 = 
OP27A LINEAR CIRCUITS DATA BOOK, VOLUME 3, 1989 SLYDOO5 
OPZ7C LINEAR CIRCUITS DATA BOOK, VOLUME 3, 1989 SLYDOO5 
OP37A LINEAR CIRCUITS DATA BOOK, VOLUME 3, 1989 SLYDOO5 2-151 
OP37C LINEAR CIRCUITS DATA BOOK, VOLUME 3, 1989 SLYDOO5 2-151 
PAL16L8AM PROGRAMMABLE LOGIC DATA BOOK, 1990 SDZDO01D 2-87 


PAL16R4AM PROGRAMMABLE LOGIC DATA BOOK, 1990 SDZDO0O01D 2-87 
PAL16R6AM PROGRAMMABLE LOGIC DATA BOOK, 1990 SDZDO001D 2-87 
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MILITARY PRODUCTS BASELINE 


PRODUCT 


DATA BOOK/DATA SHEET 
NUMBER 


PAL16R8AM 
PAL16L8A-2M 
PAL16R4A-2M 
PAL16R6A-2M 
PAL16R8A-2M 
RM4136 
RM4559 
SE555 


PROGRAMMABLE LOGIC DATA BOOK, 1990 
PROGRAMMABLE LOGIC DATA BOOK, 1990 
PROGRAMMABLE LOGIC DATA BOOK, 1990 
PROGRAMMABLE LOGIC DATA BOOK, 1990 
PROGRAMMABLE LOGIC DATA BOOK, 1990 
LINEAR CIRCUITS DATA BOOK, VOLUME 3, 1989 
RM4559 DATA SHEET, DECEMBER, 1988 

LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 
LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 
LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 
SNOOK20FD DATA SHEET, MAY 1984 
SNOOK20FD DATA SHEET, MAY 1984 
SNOOK20FD DATA SHEET, MAY 1984 
SNOOK20FD DATA SHEET, MAY 1984 

TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 


SN5423 
SN5425 
SN5426 
SN5427 
SN5428 
SN5430 
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TI 

REFERENCE 
DOCUMENT 
SDZDO001D 
SDZDO001D 
SDZDO001D 
SDZDO001D 
SDZDO01D 
SLYDOO5 
SGLSO20 
SLYDOO3 
SLYDOO3 
SLYDOO3 
SGZS001 
SGZS001 
SGZS001 
SGZS001 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 


SECTION 
& PAGE 


2-37 

2-39 

2-95 

2-105 
2-111 
2-111 
2-115 
2-119 
2-123 
2-127 


MILITARY PRODUCTS BASELINE 


PRODUCT 


DATA BOOK/DATA SHEET 
NUMBER 


TTL LOGIC DATA BOOK, 
TTL LOGIC DATA BOOK, 
TTL LOGIC DATA BOOK, 
TTL LOGIC DATA BOOK, 
TTL LOGIC DATA BOOK, 
TTL LOGIC DATA BOOK, 
TTL LOGIC DATA BOOK, 
TTL LOGIC DATA BOOK, 
TTL LOGIC DATA BOOK, 
TTL LOGIC DATA BOOK, 
TTL LOGIC DATA BOOK, 
TTL LOGIC DATA BOOK, 
TTL LOGIC DATA BOOK, 
TTL LOGIC DATA BOOK, 
TTL LOGIC DATA BOOK, 
TTL LOGIC DATA BOOK, 
SN5473 TTL LOGIC DATA BOOK, 
SN5474 TTL LOGIC DATA BOOK, 
SN5475 TTL LOGIC DATA BOOK, 
SN5476 TTL LOGIC DATA BOOK, 
SN5483A TTL LOGIC DATA BOOK, 
SN5485 TTL LOGIC DATA BOOK, 1988 
SN5486 TTL LOGIC DATA BOOK, 1988 
SN5490A TTL LOGIC DATA BOOK, 
SN5491A TTL LOGIC DATA BOOK, 
SN5492A TTL LOGIC DATA BOOK, 
SN5493A TTL LOGIC DATA BOOK, 


Tl 
REFERENCE 
DOCUMENT 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 2-263 
SDLDOO1A 2-271 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 


SECTION 
& PAGE 


SN5494 TTL LOGIC DATA BOOK, 
SN5495A TTL LOGIC DATA BOOK, 1988 
SN5496 TTL LOGIC DATA BOOK, 1988 
SN5497 TTL LOGIC DATA BOOK, 1988 
SN54107 TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 


TTL LOGIC DATA BOOK, 1988 


SDLDOO1A 
SDLDOO1A 2-305 
SDLDOO1A 2-311 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 


TTL LOGIC DATA BOOK, 1988 
SN54121 TTL LOGIC DATA BOOK, 1988 
SN54122 TTL LOGIC DATA BOOK, 1988 


SDLDOO1A 
SDLDOO1A 2-367 
SDLDOO1A 2-373 
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MILITARY PRODUCTS BASELINE 


PRODUCT 
NUMBER 


SN54136 
SN54148 


1SN54153 
SN54154 
SN54155 


SN54157 
SN54159 


SN54165 
SN54166 
SN54167 
SN54170 


SN54196 
SN54197 
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SN54151A 


DATA BOOK/DATA SHEET 


TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 


Tl 
REFERENCE 
DOCUMENT 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 2-417 
SDLDOO1A 2-451 
SDLDOO1A 
SDLDOO1A 2-457 
SDLDOO1A 2-465 
SDLDOO1A 2-471 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 2-483 
SDLDOO1A 2-489 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 2-663 
SDLDOO1A 2-663 


SECTION 
& PAGE 


MILITARY PRODUCTS BASELINE 


eee DATA BOOK/DATA SHEET coeur paises 
NUMBER & PAGE 

DOCUMENT 

TTL LOGIC DATA BOOK, 1988 SDLDOO1A 

TTL LOGIC DATA BOOK, 1988 SDLDOO1A 

TTL LOGIC DATA BOOK, 1988 SDLDOO1A 

TTL LOGIC DATA BOOK, 1988 SDLDOO1A 

TTL LOGIC DATA BOOK, 1988 SDLDOO1A 

TTL LOGIC DATA BOOK, 1988 SDLDOO1A 

TTL LOGIC DATA BOOK, 1988 SDLDOO1A 

TTL LOGIC DATA BOOK, 1988 SDLDOO1A 

TTL LOGIC DATA BOOK, 1988 SDLDOO1A 

TTL LOGIC DATA BOOK, 1988 SDLDOO1A 

TTL LOGIC DATA BOOK, 1988 SDLDOO1A 

TTL LOGIC DATA BOOK, 1988 SDLDOO1A 

SN54293 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 

SN54298 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 

SN54365A TTL LOGIC DATA BOOK, 1988 SDLDOO1A 

SN54366A TTL LOGIC DATA BOOK, 1988 SDLDOO1A 

SN54367A TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54368A TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54376 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54390 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54393 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54AC11000 ADVANCED CMOS LOGIC DATA BOOK, MAY 1988 SCADOO1A 2-3 
SN54AC11002 ADVANCED CMOS LOGIC DATA BOOK, MAY 1988 SCADOO1A 2-11 
SN54AC11004 ADVANCED CMOS LOGIC DATA BOOK, MAY 1988 SCADOO1A 
SN54AC11008 ADVANCED CMOS LOGIC DATA BOOK, MAY 1988 SCADOO1A 
SN54AC11010 ADVANCED CMOS LOGIC DATA BOOK, MAY 1988 SCADOO1A 2-35 
SN54AC11011 ADVANCED CMOS LOGIC DATA BOOK, MAY 1988 SCADOO1A 2-43 
SN54AC11020 ADVANCED CMOS LOGIC DATA BOOK, MAY 1988 SCADOO1A 
SN54AC11021 ADVANCED CMOS LOGIC DATA BOOK, MAY 1988 SCADOO1A 
SN54AC11027 ADVANCED CMOS LOGIC DATA BOOK, MAY 1988 SCADOO1A 2-67 
SN54AC11030 ADVANCED CMOS LOGIC DATA BOOK, MAY 1988 SCADOO1A 2-75 
SN54AC11034 ADVANCED CMOS LOGIC DATA BOOK, MAY 1988 SCADOO1A 
SN54AC11074 ADVANCED CMOS LOGIC DATA BOOK, MAY 1988 SCADOO1A 
SN54AC11109 ADVANCED CMOS LOGIC DATA BOOK, MAY 1988 SCADOO1A 2-109 

SN54AC11138 SN54AC11138 DATA SHEET, MAY 1988 SCAS042 — 

SN54AC11238 ADVANCED CMOS LOGIC DATA BOOK, MAY 1988 SCADOO1A 
SN54AC11240 ADVANCED CMOS LOGIC DATA BOOK, MAY 1988 SCADOO1A 2-127 
SN54AC11241 ADVANCED CMOS LOGIC DATA BOOK, MAY 1988 SCADOO1A 2-137 
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MILITARY PRODUCTS BASELINE 


PRODUCT 


NUMBER 


SN54AC11244 
SN54AC11245 
SN54AC11253 
SN54AC11373 
SN54AC11374 
SN54AC11520 
SN54AC11521 
SN54AC11534 
SN54ACT 11000 
SN54ACT 11002 
SN54ACT 11004 
SN54ACT 11008 
SN54ACT11010 
SN54ACT11011 
SN54ACT 11020 
SN54ACT11021 
SN54ACT11027 
SN54ACT 11030 
SN54ACT11032 
SN54ACT 11034 
SN54ACT11074 
SN54ACT11109 
SN54ACT11138 
SN54ACT 11240 
SN54ACT11241 
SN54ACT 11244 
SN54ACT11245 
SN54ACT11253 
SN54ACT11353 
SN54ACT11373 
SN54ACT11374 
SN54ACT 11520 
SN54ACT11521 
SN54ACT11533 
SN54ACT11534 
SN54ACT 11640 
SN54ALSOO0OA 
SN54ALS01 
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DATA BOOK/DATA SHEET 


ADVANCED CMOS LOGIC DATA BOOK, MAY 
ADVANCED CMOS LOGIC DATA BOOK, MAY 
SN54AC11253 DATA SHEET, MAY 1988 
ADVANCED CMOS LOGIC DATA BOOK, MAY 
ADVANCED CMOS LOGIC DATA BOOK, MAY 
ADVANCED CMOS LOGIC DATA BOOK, MAY 
ADVANCED CMOS LOGIC DATA BOOK, MAY 
ADVANCED CMOS LOGIC DATA BOOK, MAY 
ADVANCED CMOS LOGIC DATA BOOK, MAY 
ADVANCED CMOS LOGIC DATA BOOK, MAY 
ADVANCED CMOS LOGIC DATA BOOK, MAY 
ADVANCED CMOS LOGIC DATA BOOK, MAY 
ADVANCED CMOS LOGIC DATA BOOK, MAY 
ADVANCED CMOS LOGIC DATA BOOK, MAY 
ADVANCED CMOS LOGIC DATA BOOK, MAY 
ADVANCED CMOS LOGIC DATA BOOK, MAY 
ADVANCED CMOS LOGIC DATA BOOK, 
ADVANCED CMOS LOGIC DATA BOOK, 
ADVANCED CMOS LOGIC DATA BOOK, 
ADVANCED CMOS LOGIC DATA BOOK, 
ADVANCED CMOS LOGIC DATA BOOK, 
ADVANCED CMOS LOGIC DATA BOOK, 
54ACT11138 DATA SHEET, JUNE 1988 
ADVANCED CMOS LOGIC DATA BOOK, 
ADVANCED CMOS LOGIC DATA BOOK, 
ADVANCED CMOS LOGIC DATA BOOK, 
ADVANCED CMOS LOGIC DATA BOOK, 
54ACT11253 DATA SHEET, MAY 1988 
54ACT11353 DATA SHEET, JUNE 1988 
ADVANCED CMOS LOGIC DATA BOOK, 
ADVANCED CMOS LOGIC DATA BOOK, 
ADVANCED CMOS LOGIC DATA BOOK, 
ADVANCED CMOS LOGIC DATA BOOK, 
ADVANCED CMOS LOGIC DATA BOOK, 
ADVANCED CMOS LOGIC DATA BOOK, 
ADVANCED CMOS LOGIC DATA BOOK, 
ALS/AS LOGIC DATA BOOK, 1988 
ALS/AS LOGIC DATA BOOK, 1988 


1988 
1988 


1988 
1988 
1988 
1988 


1988 
1988 
1988 


1988 
1988 


1988 
1988 


1988 
1988 
1988 
1988 
1988 
1988 
1988 
1988 
1988 
1988 
1988 
1988 
1988 
1988 
1988 
1988 
1988 


Tl 
REFERENCE 
DOCUMENT 
SCADOO1A 
SCADOO1A 
SCAS041 
SCADOO1A 
SCADOO1A 
SCADOO1A 
SCADOO1A 
SCADOO1A 
SCADOO1A 
SCADOO1A 
SCADOO1A 
SCADOO1A 
SCADOO1A 
SCADOO1A 
SCADOO1A 
SCADOO1A 
SCADOO1A 
SCADOO1A 
SCADOO1A 
SCADOO1A 
SCADOO1A 
SCADOO1A 
SCASO50 
SCADOO1A 
SCADOO1A 
SCADOO1A 
SCADOO1A 
SCAS040 
SCAS045 
SCADOO1A 
SCADOO1A 
SCADOO1A 
SCADOO1A 
SCADOO1A 
SCADOO1A 
SCADOO1A 


SDADOO1B 
SDADOO1B 


MILITARY PRODUCTS BASELINE 


PRODUCT " SECTION 
DATA BOOK/DATA SHEET REFERENCE 
NUMBER & PAGE 
DOCUMENT 
SN54ALS02 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54ALS03B ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
| SN54ALS04B ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54ALSO5A ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54ALS08 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54ALS09 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54ALS10A ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54ALS11A ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54ALS12A ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54ALS15A ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54ALS20A ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54ALS21A ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54ALS22B ALS/AS LOGIC DATA BOOK, 1988 SDADOO01B 
SN54ALS27 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54ALS28A ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54ALS30A ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54ALS32 ALS/AS LOGIC DATA BOOK, 1988 SDADO01B 
SN54ALS33A ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 2-63 
SN54ALS37A ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 2-71 
SN54ALS38A ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54ALS74A ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54ALS86 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 2-81 
SN54ALS109A ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 2-89 
SN54ALS112A ALS/AS LOGIC DATA BOOK, 1988 SDADOO01B 
SN54ALS113A ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54ALS114A ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 2-101 
SN54ALS133 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 2-109 
SN54ALS137 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54ALS138 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54ALS139 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 2-125 
SN54ALS151 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 2-129 
SN54ALS153 ALS/AS LOGIC DATA BOOK, 1988 SDADO0O1B 
SN54ALS157 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54ALS158 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 2-141 
SN54ALS161B ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 2-149 
SN54ALS162B ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54ALS163B ALS/AS LOGIC DATA BOOK, 1988 SDADO01B 2-149 
SN54ALS165 ALS/AS LOGIC DATA BOOK, 1988 SDADOO01B 2-163 
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MILITARY PRODUCTS BASELINE 


PRODUCT " SECTION 
NUMBER DATA BOOK/DATA SHEET REFERENCE & PAGE 
DOCUMENT 
SN54ALS169B ALS/AS LOGIC DATA BOOK, SDADOO1B 
SN54ALS174 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 2-181 
SN54ALS175 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 2-181 
SN54ALS191 ALS/AS LOGIC DATA BOOK, SDADOO1B 
SN54ALS193 ALS/AS LOGIC DATA BOOK, SDADOO1B 
SN54ALS229A ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 2-241 
SN54ALS240A ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 2-265 
SN54ALS241A ALS/AS LOGIC DATA BOOK, SDADOO1B 
SN54ALS242B ALS/AS LOGIC DATA BOOK, SDADOO1B 
SN54ALS243A ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 2-271 
SN54ALS244A ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 2-277 
SN54ALS245A ALS/AS LOGIC DATA BOOK, SDADOO1B 
SN54ALS251 ALS/AS LOGIC DATA BOOK, SDADOO1B 
SN54ALS253 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 2-299 
SN54ALS257 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 2-303 
SN54ALS258 ALS/AS LOGIC DATA BOOK, SDADOO1B 
SN54ALS259 ALS/AS LOGIC DATA BOOK, SDADOO1B 
SN54ALS273 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 2-319 
SN54ALS299 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 2-343 
SN54ALS323 ALS/AS LOGIC DATA BOOK, SDADOO1B 
SN54ALS352 ALS/AS LOGIC DATA BOOK, SDADOO1B 
SN54ALS353 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 2-357 
SN54ALS373 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 2-361 
SN54ALS374 ALS/AS LOGIC DATA BOOK, SDADOO1B 


SN54ALS520 ALS/AS LOGIC DATA BOOK, SDADOO1B 
SN54ALS534 ALS/AS LOGIC DATA BOOK, SDADOO1B 
SN54ALS541 ALS/AS LOGIC DATA BOOK, SDADOO1B 
SN54ALS561A ALS/AS LOGIC DATA BOOK, SDADOO1B 
SN54ALS563A ALS/AS LOGIC DATA BOOK, SDADOO1B 
SN54ALS564A ALS/AS LOGIC DATA BOOK, SDADOO1B 
SN54ALS569A ALS/AS LOGIC DATA BOOK, SDADO01B 
SN54ALS573B ALS/AS LOGIC DATA BOOK, SDADOO1B 
SN54ALS574A ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54ALS576A ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54ALS580A ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54ALS632A ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54ALS640B SN54ALS640B DATA SHEET, APRIL 1987 SDAS122 — 
SN54ALS645A ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 2-521 
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MILITARY PRODUCTS BASELINE 


TI 
DATA BOOK/DATA SHEET REFERENCE 
DOCUMENT 
SN54ALS652 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54ALS688 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 


PRODUCT 
NUMBER 


SN54ALS804A ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54ALS805A ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54ALS808A ALS/AS LOGIC DATA BOOK, SDADOO1B 
SN54ALS832A ALS/AS LOGIC DATA BOOK, SDADOO1B 
SN54ALS857 ALS/AS LOGIC DATA BOOK, SDADOO1B 
SN54ALS873B ALS/AS LOGIC DATA BOOK, SDADOO1B 
SN54ALS874B ALS/AS LOGIC DATA BOOK, SDADOO1B 
SN54ALS1005 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54ALS1010A ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54ALS1034 ALS/AS LOGIC DATA BOOK, SDADOO1B 
SN54ALS1035 ALS/AS LOGIC DATA BOOK, SDADOO1B 
SN54ALS1244A ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54AL8S1245A ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54ALS29821 ALS/AS LOGIC DATA BOOK, SDADOO1B 
SN54ASO00 ALS/AS LOGIC DATA BOOK, SDADOO1B 
SN54AS02 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54AS04 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54AS08 ALS/AS LOGIC DATA BOOK, SDADOO1B 
SN54AS10 ALS/AS LOGIC DATA BOOK, SDADOO1B 
SN54AS11 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54AS20 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54A821 ALS/AS LOGIC DATA BOOK, SDADOO1B 
SN54AS27 ALS/AS LOGIC DATA BOOK, SDADOO1B 
SN54AS30 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54AS32 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54AS34 ALS/AS LOGIC DATA BOOK, SDADOO1B 
SN54AS74 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54AS86A SN54AS86A DATA SHEET, SEPTEMBER 1987 SDASOO6A 
SN54AS109 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54AS138 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 


SN54AS161 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54AS163 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54AS169A SN54AS169A DATA SHEET, APRIL 1987 SDAS125 

SN54AS174 ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54AS175A ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 
SN54AS181B SN54AS181B DATA SHEET, REVISED JULY 1986 SDASO93A 


SECTION 
& PAGE 


2-547 
2-581 
2-611 
2-615 
2-619 
2-649 
2-703 
2-737 
2-743 
2-837 
2-843 
2-853 
2-857 
2-881 
2-885 
2-939 
2-3 
2-9 
2-15 
2-21 
2-27 
2-31 
2-39 
2-43 
2-49 
2-55 
2-59 
2-65 
2-77 
2-89 

2-119 
2-149 
2-149 


2-181 
2-181 
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MILITARY PRODUCTS BASELINE 


PRODUCT 


DATA BOOK/DATA SHEET 
NUMBER 


SN54AS194 
SN54AS240 
SN54AS241 
SN54AS242 
SN54AS244 
SN54AS245 
SN54AS286 
SN54AS373 
SN54AS374 
SN54AS573 
SN54AS574 
SN54AS575 
SN54AS576 
SN54AS640 
SN54AS645 
SN54AS646 
SN54AS651 
SN54AS652 

SN54AS760 

SN54AS804B 
SN54AS805B 
SN54AS808B 
SN54AS821 
SN54AS822 
SN54AS823 
SN54AS825 
SN54AS826 
SN54AS832B 
SN54AS867 
SN54AS869 
SN54AS873 
SN54AS874 
SN54AS882A 
SN54AS885 


ALS/AS LOGIC DATA BOOK, 1988 
ALS/AS LOGIC DATA BOOK, 1988 
ALS/AS LOGIC DATA BOOK, 1988 
ALS/AS LOGIC DATA BOOK, 1988 
ALS/AS LOGIC DATA BOOK, 1988 
ALS/AS LOGIC DATA BOOK, 1988 
ALS/AS LOGIC DATA BOOK, 1988 
ALS/AS LOGIC DATA BOOK, 1988 
ALS/AS LOGIC DATA BOOK, 1988 


ALS/AS LOGIC DATA BOOK, 1988 
ALS/AS LOGIC DATA BOOK, 
ALS/AS LOGIC DATA BOOK, 
ALS/AS LOGIC DATA BOOK, 1988 
ALS/AS LOGIC DATA BOOK, 1988 
ALS/AS LOGIC DATA BOOK, 
ALS/AS LOGIC DATA BOOK, 
ALS/AS LOGIC DATA BOOK, 1988 


ALS/AS LOGIC DATA BOOK, 
ALS/AS LOGIC DATA BOOK, 


1988 


ALS/AS LOGIC DATA BOOK, 
ALS/AS LOGIC DATA BOOK, 


1988 


ALS/AS LOGIC DATA BOOK, 
ALS/AS LOGIC DATA BOOK, 


1988 
1988 


ALS/AS LOGIC DATA BOOK, 1988 
ALS/AS LOGIC DATA BOOK, 1988 
ALS/AS LOGIC DATA BOOK, 1988 
ALS/AS LOGIC DATA BOOK, 1988 
ALS/AS LOGIC DATA BOOK, 1988 


SN54AS1000A 


ALS/AS LOGIC DATA BOOK, 1988 


1988 
1988 


1988 
1988 


ALS/AS LOGIC DATA BOOK, 1988 
1988 


ALS/AS LOGIC DATA BOOK, 1988 
ALS/AS LOGIC DATA BOOK, 1988 
1988 


ALS/AS LOGIC DATA BOOK, 1988 
ALS/AS LOGIC DATA BOOK, 1988 


ALS/AS LOGIC DATA BOOK, 1988 


Tl 
SECTION 


& PAGE 


REFERENCE 
DOCUMENT 


SDADOO1B 
SDADOO1B 2-265 
SDADOO1B 2-265 
SDADOO1B 
SDADOO1B 
SDADOO01B 2-283 
SDADOO1B 2-333 
SDADO001B 
SDADOO1B 
SDADOO1B 2-435 
SDADOO1B 2-441 
SDADOO1B 
SDADOO1B 
SDADO01B 2-521 
SDADOO1B 2-521 
SDADOO1B 
SDADO01B 
SDADOO1B 2-547 
SDADOO01B 2-601 
SDADOO1B 
SDADOO01B 
SDADOO1B 2-619 
SDADOO1B 2-631 
SDADOO1B 
SDADOO1B 
SDADOO1B 2-643 
SDADOO1B 2-643 
SDADOO1B 
SDADOO1B 
SDADOO1B 2-717 
SDADOO1B 2-737 
SDADOO1B 
SDADOO1B 
SDADOO1B 
SDADOO1B 


SN54AS1004A 
SN54AS1032A 
SN54AS1034A 


ALS/AS LOGIC DATA BOOK, 1988 
ALS/AS LOGIC DATA BOOK, 1988 
ALS/AS LOGIC DATA BOOK, 1988 
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SDADOO1B 
SDADOO01B 2-849 
SDADOO1B 2-853 


MILITARY PRODUCTS BASELINE 


Tl 
PRODUCT SECTION 
DATA BOOK/DATA SHEET REFERENCE 
NUMBER & PAGE 
DOCUMENT 


SN54AS1036A ALS/AS LOGIC DATA BOOK, 1988 SDADOO1B 2-859 
SN54BCT 240 BICMOS BUS INTERFACE LOGIC DATA BOOK, SCBDOO1A 2-11 
SN54BCT 241 BICMOS BUS INTERFACE LOGIC DATA BOOK, SCBDOO1A 2-15 
SN54BCT 244 BICMOS BUS INTERFACE LOGIC DATA BOOK, SCBDOO1A 2-19 


SN54BCT 245 BICMOS BUS INTERFACE LOGIC DATA BOOK, SCBDOO1A 2-23 
SN54BCT373 BICMOS BUS INTERFACE LOGIC DATA BOOK, SCBDOO1A 2-27 
SN54BCT374 BICMOS BUS INTERFACE LOGIC DATA BOOK, SCBDOO1A 2-32 
SN54BCT 534 BICMOS BUS INTERFACE LOGIC DATA BOOK, SCBDOO1A 2-50 
SN54BCT540 BICMOS BUS INTERFACE LOGIC DATA BOOK, SCBDOO1A 2-37 
SN54BCT 541 BICMOS BUS INTERFACE LOGIC DATA BOOK, SCBDOO1A 2-41 
SN54BCT620A BICMOS BUS INTERFACE LOGIC DATA BOOK, SCBDOO1A 2-55 
SN54BCT623 BICMOS BUS INTERFACE LOGIC DATA BOOK, SCBDOO1A 2-60 
SN54BCT640 BICMOS BUS INTERFACE LOGIC DATA BOOK, 1989 SCBDOO1A 2-65 
SN54BCT 2240 BICMOS BUS INTERFACE LOGIC DATA BOOK, 1989 SCBDOO1A 2-79 
SN54BCT 2244 BICMOS BUS INTERFACE LOGIC DATA BOOK, 1989 SCBDOO1A 2-87 
SN54BCT2827A BICMOS BUS INTERFACE LOGIC DATA BOOK, 1989 SCBDOO1A 2-91 
SN54BCT2828A BICMOS BUS INTERFACE LOGIC DATA BOOK, 1989 SCBDOO1A 2-91 
SN54F00 F LOGIC DATA BOOK, 1989 SDFDOO1A 2-3 
SN54F02 F LOGIC DATA BOOK, 1989 SDFDOO1A 2-5 
SN54F04 F LOGIC DATA BOOK, 1989 SDFDOO1A 2-7 
SN54F09 F LOGIC DATA BOOK, SDFDOO1A 2-11 
SN54F10 F LOGIC DATA BOOK, SDFDOO1A 2-13 
SN54F 11 F LOGIC DATA BOOK, SDFDOO1A 2-15 
SN54F20 F LOGIC DATA BOOK, SDFDOO1A 2-17 


SN54F21 F LOGIC DATA BOOK, SDFDOO1A 2-19 
SN54F27 F LOGIC DATA BOOK, SDFDOO1A 2-21 
SN54F30 F LOGIC DATA BOOK, SDFDOO1A 2-23 
SN54F32 F LOGIC DATA BOOK, SDFDOO1A — 2-25 


SN54F36 F LOGIC DATA BOOK, SDFDOO1A 2-2/7 
SN54F37 F LOGIC DATA BOOK, 1989 SDFDOO1A- 2-29 
SN54F38 F LOGIC DATA BOOK, 1989 SDFDOO1A 2-31 
SN54F40 F LOGIC DATA BOOK, SDFDOO1A 2-33 
SN54F51 F LOGIC DATA BOOK, SDFDOO1A 2-35 
SN54F64 F LOGIC DATA BOOK, 1989 SDFDOO1A 2-37 
SN54F74 F LOGIC DATA BOOK, 1989 SDFDOO1A 2-39 


SN54F109 F LOGIC DATA BOOK, SDFDOO1A 2-45 
SN54F 138 F LOGIC DATA BOOK, 1989 SDFDOO1A 2-69 
SN54F153 F LOGIC DATA BOOK, 1989 SDFDOO1A 2-77 
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MILITARY PRODUCTS BASELINE 


PRODUCT 
NUMBER 


SN54F157A 
SN54F158A 


SN54F175 
SN54F240 
SN54F241 
SN54F242 
SN54F243 
SN54F244 
SN54F245 
SN54F253 
SN54F257 
SN54F258 


SN54F280B 


SN54F283 
SN54F299 
SN54F350 
SN54F352 
SN54F373 
SN54F374 
SN54F518 
SN54F519 
SN54F520 
SN54F521 
SN54F533 
SN54F534 
SN54F544 
SN54F563 
SN54F573 
SN54F620 

SN54F621 

SN54F623 

SN54HCOO 


SN54HCO2 
SN54HCO3 
SN54HCO4 
SN54HCO5 
SN54HCO8 
SN54HCO9 
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DATA BOOK/DATA SHEET 


F LOGIC DATA BOOK, 
F LOGIC DATA BOOK, 
F LOGIC DATA BOOK, 
F LOGIC DATA BOOK, 
F LOGIC DATA BOOK, 
F LOGIC DATA BOOK, 
F LOGIC DATA BOOK, 
F LOGIC DATA BOOK, 
F LOGIC DATA BOOK, 
F LOGIC DATA BOOK, 
F LOGIC DATA BOOK, 
F LOGIC DATA BOOK, 
F LOGIC DATA BOOK, 
F LOGIC DATA BOOK, 
F LOGIC DATA BOOK, 
F LOGIC DATA BOOK, 
F LOGIC DATA BOOK, 
F LOGIC DATA BOOK, 
F LOGIC DATA BOOK, 
F LOGIC DATA BOOK, 
F LOGIC DATA BOOK, 
F LOGIC DATA BOOK, 
F LOGIC DATA BOOK, 
F LOGIC DATA BOOK, 
F LOGIC DATA BOOK, 1989 
F LOGIC DATA BOOK, 1989 
F LOGIC DATA BOOK, 1989 
54F537 DATA SHEET, APRIL 1989 
F LOGIC DATA BOOK, 1989 
F LOGIC DATA BOOK, 1989 
F LOGIC DATA BOOK, 1989 
HIGH SPEED CMOS DATA BOOK, 1989 
HIGH SPEED CMOS DATA BOOK, 1989 
HIGH SPEED CMOS DATA BOOK, 1989 
HIGH SPEED CMOS DATA BOOK, 1989 
HIGH SPEED CMOS DATA BOOK, 1989 
HIGH SPEED CMOS DATA BOOK, 1989 
HIGH SPEED CMOS DATA BOOK, 1989 


‘SDFDOO1A 2-265 


Ti 
REFERENCE 
DOCUMENT 
SDFDOO1A 
SDFDOO1A 
SDFDOO1A 
SDFDOO1A 
SDFDOO1A 
SDFDOO1A 
SDFDOO1A 
SDFDOO1A 
SDFDOO1A 
SDFDOO1A 
SDFDOO1A 
SDFDOO1A 
SDFDOO1A 
SDFDOO1A 
SDFDOO1A 
SDFDOO1A 
SDFDOO1A 
SDFDOO1A 
SDFDOO1A 
SDFDOO1A 
SDFDOO1A 
SDFDOO1A 
SDFDOO1A 
SDFDOO1A 
SDFDOO1A 


SECTION 
& PAGE 


SDFDOO1A 2-269 
SDFSOO2 
SDFDOO1A 
SDFDOO1A 
SDFDOO1A 
SCLDOO1C 
SCLDO01C 
SCLDOO1C 
SCLDO01C 
SCLDOO1C 
SCLDOO01C 2-37 
SCLDOO1C 2-45 


MILITARY PRODUCTS BASELINE 


TI 
PRODUCT SECTION 


DATA BOOK/DATA SHEET REFERENCE 
NUMBER & PAGE 
DOCUMENT 

SN54HC10 HIGH SPEED CMOS DATA BOOK,. 1989 SCLDOO1C 
SN54HC11 HIGH SPEED CMOS DATA BOOK, 1989 SCLDO01C 2-53 
SN54HC14 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO01C 2-57 
SN54HC20 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 
SN54HC21 HIGH SPEED CMOS DATA BOOK, 1989 SCLDO01C 
SN54HC27 HIGH SPEED CMOS DATA BOOK, 1989 SCLDO0O1C 2-69 
SN54HC30 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 2-73 
SN54HC32 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 
SN54HC36 HIGH SPEED CMOS DATA BOOK, 1988 SCLDOO1C 
SN54HC42 HIGH SPEED CMOS DATA BOOK, 1988 SCLDOO1C 2-89 
SN54HC51 HIGH SPEED CMOS DATA BOOK, 1988 SCLDOO1C 2-93 
SN54HC74 HIGH SPEED CMOS DATA BOOK, 1988 SCLDOO01C 
SN54HC75 HIGH SPEED CMOS DATA BOOK, 1988 SCLDOO1C 
SN54HC85A HIGH SPEED CMOS DATA BOOK, 1988 SCLDOO01C 2-125 
SN54HC86 HIGH SPEED CMOS DATA BOOK, 1988 SCLDOO1C 2-129 
SN54HC107 HIGH SPEED CMOS DATA BOOK, 1988 SCLDOO1C 
SN54HC109 HIGH SPEED CMOS DATA BOOK, 1988 SCLDOO1C 
SN54HC112 HIGH SPEED CMOS DATA BOOK, 1988 SCLDOO01C 2-141 
SN54HC113 HIGH SPEED CMOS DATA BOOK, 1988 SCLDOO1C 2-145 
SN54HC114 HIGH SPEED CMOS DATA BOOK, 1988 SCLDOO1C 
SN54HC125 HIGH SPEED CMOS DATA BOOK, 1988 SCLDOO1C 
SN54HC1 26 HIGH SPEED CMOS DATA BOOK, 1988 SCLDOO1C 
SN54HC132 HIGH SPEED CMOS DATA BOOK, 1988 SCLDOO1C 
SN54HC133 HIGH SPEED CMOS DATA BOOK, 1988 SCLDOO1C 
SN54HC137 HIGH SPEED CMOS DATA BOOK, 1988 SCLDOO1C 
SN54HC138 HIGH SPEED CMOS DATA BOOK, 1988 SCLDOO01C 


SN54HC139 HIGH SPEED CMOS DATA BOOK, 1988 SCLDOO1C 
SN54HC148 HIGH SPEED CMOS DATA BOOK, 1988 SCLDOO1C 
SN54HC151 HIGH SPEED CMOS DATA BOOK, 1988 SCLDOO01C 
SN54HC152 HIGH SPEED CMOS DATA BOOK, 1988 SCLDOO1C 
SN54HC153 HIGH SPEED CMOS DATA BOOK, 1988 SCLDOO1C 
SN54HC157 HIGH SPEED CMOS DATA BOOK, 1988 SCLDOO1C 


SN54HC158 HIGH SPEED CMOS DATA BOOK, 1988 SCLDO01C 
SN54HC160 HIGH SPEED CMOS DATA BOOK, 1988 SCLDOO1C 2-217 
SN54HC161 HIGH SPEED CMOS DATA BOOK, 1988 SCLDOO1C 2-217 


SN54HC163 HIGH SPEED CMOS DATA BOOK, 1988 SCLDOO1C 
SN54HC164 HIGH SPEED CMOS DATA BOOK, 1989 SCLDO01C 2-231 
SN54HC165 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 2-235 
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MILITARY PRODUCTS BASELINE 


PRODUCT be SECTION 
NUMBER DATA BOOK/DATA SHEET REFERENCE & PAGE 

DOCUMENT 

SN54HC166 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 

SN54HC173 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 

SN54HC174 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 

SN54HC175 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 

SN54HC180 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 

SN54HC190 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 

SN54HC191 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 

SN54HC192 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 

SN54HC193 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 

SN54HC194 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 

SN54HC195 HIGH SPEED CMOS DATA BOOK, 1989 SCLDO01C 

SN54HC237 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 

SN54HC238 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 

SN54HC240 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 

SN54HC241 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 

SN54HC242 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 

SN54HC243 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 

SN54HC244 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 

SN54HC245 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 

SN54HC251 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 

SN54HC253 HIGH SPEED CMOS DATA BOOK, 1989 SCLDO01C 

SN54HC257 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO01C 

SN54HC258 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 

SN54HC259 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 

SN54HC266 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO01C 2-367 

SN54HC273 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO01C 2-371 

SN54HC280 HIGH SPEED CMOS DATA BOOK, 1989 SCLDO01C 2-375 

SN54HC365 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 2-401 

SN54HC366 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 2-401 

SN54HC367 HIGH SPEED CMOS DATA BOOK, 1989 SCLDO01C 2-401 

SN54HC368 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 2-401 

SN54HC373 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 2-407 


SN54HC374 
SN54HC377 
SN54HC378 


HIGH SPEED CMOS DATA BOOK, 1989 
HIGH SPEED CMOS DATA BOOK, 1989 
HIGH SPEED CMOS DATA BOOK, 1989 


SCLDOO1C 
SCLDOO1C 
SCLDOO1C 


2-431 
2-431 


SN54HC379 HIGH SPEED CMOS DATA BOOK, 1989 SCLDO01C 
SN54HC386 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 2-437 
SN54HC390 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 2-439 
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MILITARY PRODUCTS BASELINE 


| Tl 
PRODUCT SECTION 
DATA BOOK/DATA SHEET REFERENCE 
NUMBER & PAGE 
DOCUMENT 


SN54HC393 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 
SN54HC533 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 
SN54HC534 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 
SN54HC540 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 


SN54HC541 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 
SN54HC563 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 
SN54HC564 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 
SN54HC573 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 
SN54HC574 HIGH SPEED CMOS DATA BOOK, 1989 SCLDO01C 
SN54HC590A HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 
SN54HC595 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 
SN54HC620 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO01C 
SN54HC623 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 
SN54HC640 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 2-547 
SN54HC643 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 2-547 
SN54HC645 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 
SN54HC688 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 
SN54HC4002 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 2-613 
SN54HC4016 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 2-617 
SN54HC4020 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 
SN54HC4024 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 
SN54HC4040 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 2-639 
SN54HC4066 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 2-651 
SN54HC4075 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 
SN54HC4078A HIGH SPEED CMOS DATA BOOK, 1989 SCLDO01C 
SN54HCTO4 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 2-27 
SN54HCT 137 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOOIC 2-171 
SN54HCT 138 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 
SN54HCT 237 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO01C 
SN54HCT 238 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 2-303 
SN54HCT 240 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 2-317 
SN54HCT 241 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 
SN54HCT 244 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 
SN54HCT 245 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 2-339 
SN54HCT373 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 2-413 
SN54HCT374 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 
SN54HCT 540 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 2-477 
SN54HCT541 HIGH SPEED CMOS DATA BOOK, 1989 SCLDOO1C 2-477 
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MILITARY PRODUCTS BASELINE 


PRODUCT " SECTION 
NUMBER DATA BOOK/DATA SHEET REFERENCE & PAGE 
DOCUMENT 
SN54HCU04 HIGH SPEED CMOS DATA BOOK, 1989 SCLDO01C 
SN54LS00 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54LS01 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54LS02 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54LS03 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS04 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS05 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS08 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS09 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS10 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS11 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS12 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS13 ) TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS14 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS15 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS20 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS21 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS22 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS26 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS27 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS28 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS30 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS32 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS33 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS37 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS38 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS40 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS42 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS47 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS48 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS49 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS51 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS54 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS73A TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS74A TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS75 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS76A TTL LOGIC DATA BOOK, 1988 SDLDOO1A 2-247 
SN54LS78A TTL LOGIC DATA BOOK, 1988 SDLDOO1A 2-253 
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MILITARY PRODUCTS BASELINE 


Ti 
PRODUCT SECTION 
DATA BOOK/DATA SHEET REFERENCE 
NUMBER & PAGE 
DOCUMENT 


SN54LS83A TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54LS85 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 


SN54LS86A TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54LS90 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54LS91 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54LS92 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 


SN54LS93 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54LS95B TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54LS96 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54LS107A TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54LS109A TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54LS112A TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54LS114A TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54LS122 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54LS123 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54LS125A TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54LS126A TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54L$132 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 2-395 
SN54LS136 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 2-417 
SN54LS137 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54LS138 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54LS139A TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54LS145 TTL LOGIC DATA BOOK, 1988 -SDLDOO1A 
SN54LS147 TTL LOGIC DATA BOOK, 1988 ~ SBLDOO1A 
SN54LS148 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54LS151 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 2-457 
SN54LS153 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 2-465 
SN54LS155A TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54LS156 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54LS157 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 2-483 
SN54LS158 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 2-483 
SN54LS160A TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54LS161A TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54LS162A TTL LOGIC DATA BOOK, 1988 SDLDOO1A 2-493 
SN54LS163A TTL LOGIC DATA BOOK, 1988 SDLDOO1A 2-493 


SN54LS164 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54LS165A TTL LOGIC DATA BOOK, 1988 SDLDOO1A 2-521 
SN54LS166A TTL LOGIC DATA BOOK, 1988 SDLDOO1A 2-529 
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MILITARY PRODUCTS BASELINE 


Tl 
PRODUCT SECTION 
DATA BOOK/DATA SHEET REFERENCE vis 
NUMBER & PAGE 
DOCUMENT 


SN54LS169B TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS170 TTL LOGIC DATA BOOK, SDLDOO1A 


SN54LS173A TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS174 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS175 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS181 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS183 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS190 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS191 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS192 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 2-633 
SN54LS193 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 2-633 
SN54LS194A TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS195A TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54LS196 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 2-663 
SN54LS197 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 2-663 
SN54L8221 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 
SN54LS222A SN54LS222A DATA SHEET, MAY 1987 SDMS016 
SN54LS224A SN54LS224A DATA SHEET, MAY 1987 SDMS016 — 

SN54LS240 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 2-691 
SN54LS241 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 


SN54LS242 TTL LOGIC DATA BOOK, SDLDOO1A 

SN54LS243 TTL LOGIC DATA BOOK, SDLDOO1A 

SN54LS244 TTL LOGIC DATA BOOK, SDLDOO1A 

SN54LS245 TTL LOGIC DATA BOOK, SDLDOO1A 

SN54LS247 TTL LOGIC DATA BOOK, SDLDOO1A 

SN54LS248 TTL LOGIC DATA BOOK, SDLDOO1A 

SN54LS251 TTL LOGIC DATA BOOK, SDLDOO1A 

SN54LS253 TTL LOGIC DATA BOOK, SDLDOO1A 

SN54LS257B TTL LOGIC DATA BOOK, SDLDOO1A 

SN54LS258B TTL LOGIC DATA BOOK, SDLDOO1A 

SN54LS259B TTL LOGIC DATA BOOK, SDLDOO1A 

SN54LS261 TTL LOGIC DATA BOOK, SDLDOO1A 

SN54LS266 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 

SN54LS273 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 

SN54LS275 TTL DATA BOOK, 2ND ED, 1981 an 

SN54LS279A TTL LOGIC DATA BOOK, 1988 SDLDOO1A 

SN54LS280 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 2-775 
SN54LS283 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 2-781 
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MILITARY PRODUCTS BASELINE 


PRODUCT " SECTION 
DATA BOOK/DATA SHEET REFERENCE 
NUMBER & PAGE 


DOCUMENT 
SN54LS290 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS293 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS295B TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS298 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS299 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS320 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 2-829 
SN54LS321 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 2-829 
SN54LS322A TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS323 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS348 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS352 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS353 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS356 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS365A TTL LOGIC DATA BOOK, 1988 SDLDOO1A 2-873 
SN54LS366A TTL LOGIC DATA BOOK, 1988 SDLDOO1A 2-873 
SN54LS367A TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS368A TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS373 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS374 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS375 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS8377 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS378 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS379 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS381A TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS382A TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS385 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS386A TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS390 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS393 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS395A TTL LOGIC DATA BOOK, 1988 SDLDOO1A 2-929 
SN54LS396 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 2-933 
SN54LS399 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS442 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS490 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 2-967 
SN54LS540 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 2-373 
SN54LS541 TTL LOGIC DATA BOOK, SDLDOO1A 
SN54LS590 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 2-977 
SN54LS592 TTL LOGIC DATA BOOK, 1988 SDLDOO1A 2-981 
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MILITARY PRODUCTS BASELINE 


PRODUCT 
NUMBER 


SN54LS593 
SN54LS595 
SN54LS597 
SN54LS598 
SN54LS610 
SN54LS624 
SN54LS626 
SN54LS628 
SN54LS629 
SN54LS630 
SN54LS640 
SN54LS641 
SN54LS642 
SN54LS644 
SN54LS645 
SN54LS668 
SN54LS669 
SN54LS670 
SN54LS673 
SN54LS674 
SN54LS681 
SN54LS682 
SN54LS684 
SN54LS685 
SN54LS688 
SN54LS691 
SN54LS693 
SN54LS696 
SN54LS697 
SN54LS699 
SN54S00 

SN54S02 

SN54S03 

SN54S04 

SN54S05 

SN54S08 

SN54S09 

SN54S10 
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DATA BOOK/DATA SHEET 


TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 


Ti 
REFERENCE 
DOCUMENT 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 


SECTION 
& PAGE 


2-47 
2-53 


MILITARY PRODUCTS BASELINE 


PRODUCT 
NUMBER 


SN54S30 
SN54S32 
SN54S37 
SN54S38 


SN54S74 

SN54S85 

SN54S86 

SN54S112 
SN54S8113 
SN54S114 
SN54S124 
SN548132 
SN54$133 
SN54S$134 
SN54S$135 
SN54S$138 
SN54S$139 
SN5485140 
SN54S151 
SN54S153 
SN54S157 
SN54S158 
SN54S162 
SN54S$163 


SN548169 
SN54S8174 
SN54S175 
SN54S181 
SN54S182 
SN54S8194 


DATA BOOK/DATA SHEET 


TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 


Tl 
REFERENCE 
DOCUMENT 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOOT1A ° 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 2-435 
SDLDOO1A 2-457 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 2-611 
SDLDOO1A 2-645 


SECTION 
& PAGE 
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MILITARY PRODUCTS BASELINE 


PRODUCT 


DATA BOOK/DATA SHEET 
NUMBER 


SN54S195 
SN54S196 
SN54S197 
SN54S240 
SN54S241 
SN54S244 
SNS4S251 
SN54S257 
SN54S258 
SN54S260 
SN54S280 
SN54S283 

'SN54S299 
SN54S373 
SN54S374 
SN54S381 
SN55107A,55107B 
SN55108A,55108B 
SN55109A 
SN55110A 
SN55111 
SN55113 

1SN55114 
SN55115 


TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
TTL LOGIC DATA BOOK, 1988 
INTERFACE CIRCUITS DATA BOOK, 1987 
INTERFACE CIRCUITS DATA BOOK, 1987 
INTERFACE CIRCUITS DATA BOOK, 1987 
INTERFACE CIRCUITS DATA BOOK, 1987 
SN55111 DATA SHEET, OCTOBER, 1988 
INTERFACE CIRCUITS DATA BOOK, 1987 
INTERFACE CIRCUITS DATA BOOK, 1987 
INTERFACE CIRCUITS DATA BOOK, 1987 
INTERFACE CIRCUITS DATA BOOK, 1987 
INTERFACE CIRCUITS DATA BOOK, 1987 
INTERFACE CIRCUITS DATA BOOK, 1987 
INTERFACE CIRCUITS DATA BOOK, 1987 


SN55182 
SN55183 


INTERFACE CIRCUITS DATA BOOK, 1987 
INTERFACE CIRCUITS DATA BOOK, 1987 
INTERFACE CIRCUITS DATA BOOK, 1987 
INTERFACE CIRCUITS DATA BOOK, 1987 
INTERFACE CIRCUITS DATA BCOK, 1987 
INTERFACE CIRCUITS DATA BOOK, 1987 
INTERFACE CIRCUITS DATA BOOK, 1987 
INTERFACE CIRCUITS DATA BOOK, 1987 
INTERFACE CIRCUITS DATA BOOK, 1987 


SN55189 
SN55189A 
SN55234 

SN55450B 
SN55451B 
SN55452B 


14-28 


SN55173 DATA SHEET, DECEMBER, 1988 


TI 
REFERENCE 
DOCUMENT 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SDLDOO1A 
SLYDOO2 
SLYDOO2 
SLYDOO2 
SLYDOO2 
SGLSO19 
SLYDOO2 
SLYDOO2 
SLYDOO2 
SLYDOO2 
SLYDOO2 
SLYDOO2 
SLYDOO2 
SGLSO16 
SLYDOO2 
SLYDOO2 
SLYDOO2 
SLYDOO2 
SLYDOO2 
SLYDOO2 
SLYDOO2 
SLYDOO2 
SLYDOO2 


SECTION 
& PAGE 


MILITARY PRODUCTS BASELINE 


PRODUCT 
NUMBER 


SN55453B 
SN55454B 
SN55461 
SN55462 
SN55463 
SN55464 
SN55500D 
SN55501E 
SN55551 
SN55552 
SN55553 
SN55554 
SN55ALS056 
SN55ALS057 
SN55ALS126 
| SN55ALS130 
SN55ALS160 
SN55ALS161 
SN55ALS192 
SN55ALS194 
SN55ALS195 
SN95176B 
SMJ27C128 
SMJ27C256 
SMJ27C512 


DATA BOOK/DATA SHEET 


INTERFACE CIRCUITS DATA BOOK, 
INTERFACE CIRCUITS DATA BOOK, 
INTERFACE CIRCUITS DATA BOOK, 
INTERFACE CIRCUITS DATA BOOK, 
INTERFACE CIRCUITS DATA BOOK, 1987 
INTERFACE CIRCUITS DATA BOOK, 1987 
SN55500D DATA SHEET, DECEMBER 1984 
INTERFACE CIRCUITS DATA BOOK, 1987 
INTERFACE CIRCUITS DATA BOOK, 1987 
INTERFACE CIRCUITS DATA BOOK, 1987 
INTERFACE CIRCUITS DATA BOOK, 1987 
INTERFACE CIRCUITS DATA BOOK, 1987 
SN55ALS056 DATA SHEET, OCTOBER, 1989 
SN55ALS057 DATA SHEET, OCTOBER, 1989 
SN55ALS126 DATA SHEET, OCTOBER, 1988 
SN55ALS130 DATA SHEET, NOVEMBER, 1988 
SN55ALS160 DATA SHEET, OCTOBER, 1989 
SN55ALS161 DATA SHEET, OCTOBER, 1989 
SN55ALS192 DATA SHEET, 1986 
SN55ALS194 DATA SHEET, OCTOBER, 1988 
SN55ALS195 DATA SHEET 

SN95176B DATA SHEET, MARCH 1989 
MOS MEMORY DATA BOOK, 1989 

MOS MEMORY DATA BOOK, 1989 

MOS MEMORY DATA BOOK, 1989 


TI 
REFERENCE 
DOCUMENT 
SLYDOO2 
SLYDOO2 
SLYDOO2 
SLYDOO2 
SLYDOO2 
SLYDOO2 
SLDSOOY 
SLYDOO2 
SLYDOO2 
SLYDOO2 
SLYDOO2 
SLYDOO2 
SDAS171 
SDAS171 
SGLSO17 
SGLSO18 
SDAS173 
SDAS172 
SLLSOO7A 
SGLSO22 
SGLSO26 
SMYDOO8 
SMYDOO8 
SMYDOO08 


SECTION | 
& PAGE 


SPRUO14A 
SPRUO13B 
SPRUO13B 
SPRUO14A 
SGUS008 
SGUS006 
SGMS023 
SMYDO08 __—8--3 
SMYDOO8 8-29 
SMYDOO8 8-65 
SGMS034 ass 
SMYDOO8 __ 8-47 
SMYDOO8 __ 8-85 


| SMJ32020 
SMJ320C10 
SMJ320C15 
SMJ320C25 
SMJ34010 
SMJ34061 
SMJ4C1024 
SMJ4161 
SMJ4164 
SMJ4256 
SMJ44C256 
SMJ4416 
SMJ4461 


SECOND GENERATION TMS320 USERS GUIDE, 1989 
FIRST GENERATION TMS320 USERS GUIDE, 1989 
FIRST GENERATION TMS320 USERS GUIDE, 1989 
SECOND GENERATION TMS320 USERS GUIDE, 1989 
SMJ34010 DATA SHEET, NOVEMBER 1988 
SMJ34061 DATA SHEET, JULY 1987 

SMJ4C1024 DATA SHEET, DECEMBER 1988 

MOS MEMORY DATA BOOK, 1989 

MOS MEMORY DATA BOOK, 1989 

MOS MEMORY DATA BOOK, 1989 

SMJ44C256 DATA SHEET, MAY 1989 

MOS MEMORY DATA BOOK, 1989 

MOS MEMORY DATA BOOK, 1989 
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MILITARY PRODUCTS BASELINE 


Tl 
PRODUCT SECTION 
DATA BOOK/DATA SHEET REFERENCE 
NUMBER & PAGE 
DOCUMENT 


SMJ4464 MOS MEMORY DATA BOOK,1989 SMYDO08 
SMJ9914 MOS MEMORY DATA BOOK, 1989 SMYDOO8 8-245 
TIBPAL16L8-12M Programmable Logic Data Book, 1990 SDZDO01D 2-149 
TIBPAL16R4-12M SDZDO01D 
TIBPAL16R6-12M Programmable Logic Data Book, 1990 SDZDO01D 
TIBPAL16R8-12M Programmable Logic Data Book, 1990 SDZDO01D 2-149 
TIBPAL16L8-15M PROGRAMMABLE LOGIC DATA BOOK, 1990 SDZDO01D 2-167 
TIBPAL16R4-15M PROGRAMMABLE LOGIC DATA BOOK, 1990 SDZDO01D 
TIBPAL16R6-15M PROGRAMMABLE LOGIC DATA BOOK, 1990 SDZDO01D 
TIBPAL16R8-15M PROGRAMMABLE LOGIC DATA BOOK, 1990 SDZDO01D 2-167 
TIBPAL16L8-20M PROGRAMMABLE LOGIC DATA BOOK, 1990 SDZDO01D 2-181 
TIBPAL16R4-20M PROGRAMMABLE LOGIC DATA BOOK, 1990 SDZDO01D 
TIBPAL16R6-20M PROGRAMMABLE LOGIC DATA BOOK, 1990 SDZDO01D 
TIBPAL16R8-20M PROGRAMMABLE LOGIC DATA BOOK, 1990 SDZDO01D 2-181 
TIBPAL16L8-30M PROGRAMMABLE LOGIC DATA BOOK, 1990 SDZDO0O01D 2-195 
TIBPAL16R4-30M PROGRAMMABLE LOGIC DATA BOOK, 1990 SDZDO001D 
TIBPAL16R6-30M PROGRAMMABLE LOGIC DATA BOOK, 1990 SDZDO001D 
TIBPAL16R8-30M PROGRAMMABLE LOGIC DATA BOOK, 1990 SDZDO01D 2-195 
TIBPAL20L8-20M PROGRAMMABLE LOGIC DATA BOOK, 1990 SDZDO001D 2-261 
TIBPAL20R4-20M PROGRAMMABLE LOGIC DATA BOOK, 1990 SDZDO01D 
TIBPAL20R6-20M PROGRAMMABLE LOGIC DATA BOOK, 1990 SDZDO001D 
TIBPAL20R8-20M PROGRAMMABLE LOGIC DATA BOOK, 1990 SDZDO001D 2-261 
TIBPAL20L10-25M PROGRAMMABLE LOGIC DATA BOOK, 1990 SDZDO0O1D 2-115 
TIBPAL20X4-25M PROGRAMMABLE LOGIC DATA BOOK, 1990 SDZDO0O1D 
TIBPAL20X8-25M PROGRAMMABLE LOGIC DATA BOOK, 1990 SDZDO01D 
TIBPAL20X10-25M © PROGRAMMABLE LOGIC DATA BOOK, 1990 SDZDO001D 2-115 
TIBPAL22V10AM PROGRAMMABLE LOGIC DATA BOOK, 1990 SDZDO001D 2-299 
TIBPAL22VP10-25M PROGRAMMABLE LOGIC DATA BOOK, 1990 SDZDO0O1D 
TIB82S105BM PROGRAMMABLE LOGIC DATA BOOK, 1990 SDZDO01D 2-391 
TLO22M LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 SLYDOO3 2-187 
TLO27M LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 SLYDOO3 4-99 

TLO31M LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 SLYDOO3 2-191 
LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 SLYDOO3 2-219 
TLO34M LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 SLYDOO3 2-245 
TLO44M LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 SLYDOO3 2-269 
LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 SLYDOO3 2-273 
TLO52M LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 SLYDOO3 2-299 
TLO54M LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 SLYDOO3 2-327 


Programmable Logic Data Book, 1990 
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MILITARY PRODUCTS BASELINE 


TI 
REFERENCE 
DOCUMENT 


PRODUCT 
NUMBER 


SECTION 


DATA BOOK/DATA SHEET 
& PAGE 


TLO61M 
TLO62M 
TLO64M 
TLO71M 


TL710M 
TL820M 
TL7702AM 
TL7705AM 
TLC139M 
TLCIS3SM 
TLC271M 
TLC271AM 
TLC272M 
TLC274M 
TLO2Z77M 
TLC27L2M 
TLC27L4M 
TLC27L7M 
TLC27L9M 
TLC27M2M 
TLC27M4M 
TLC27M7M 
TLC27M9M 
TLC372M 
TLC374M 
TLC555M 
TLC556M 
TLC1541M 


LINEAR CIRCUITS DATA BOOK, VOLUME 
LINEAR CIRCUITS DATA BOOK, VOLUME 
LINEAR CIRCUITS DATA BOOK, VOLUME 
LINEAR CIRCUITS DATA BOOK, VOLUME 
LINEAR CIRCUITS DATA BOOK, VOLUME 
LINEAR CIRCUITS DATA BOOK, VOLUME 
LINEAR CIRCUITS DATA BOOK, VOLUME 
LINEAR CIRCUITS DATA BOOK, VOLUME 
LINEAR CIRCUITS DATA BOOK, VOLUME 
LINEAR CIRCUITS DATA BOOK, VOLUME 
LINEAR CIRCUITS DATA BOOK, VOLUME 
LINEAR CIRCUITS DATA BOOK, VOLUME 
LINEAR CIRCUITS DATA BOOK, 1984 
LINEAR CIRCUITS DATA BOOK, VOLUME 
LINEAR CIRCUITS DATA BOOK, 1984 
LINEAR CIRCUITS DATA BOOK, 1984 
TL7702A DATA SHEET, JUNE 1989 
TL7705A DATA SHEET, JUNE 1989 
TLC139 DATA SHEET, DECEMBER 1986 
TLC193 DATA SHEET, DECEMBER 1986 
LINEAR CIRCUITS DATA BOOK, VOLUME 
LINEAR CIRCUITS DATA BOOK, 1984 
LINEAR CIRCUITS DATA BOOK, VOLUME 
LINEAR CIRCUITS DATA BOOK, VOLUME 
LINEAR CIRCUITS DATA BOOK, VOLUME 
LINEAR CIRCUITS DATA BOOK, VOLUME 
LINEAR CIRCUITS DATA BOOK, VOLUME 
LINEAR CIRCUITS DATA BOOK, VOLUME 
LINEAR CIRCUITS DATA BOOK, VOLUME 
LINEAR CIRCUITS DATA BOOK, VOLUME 
LINEAR CIRCUITS DATA BOOK, VOLUME 
LINEAR CIRCUITS DATA BOOK, VOLUME 
LINEAR CIRCUITS DATA BOOK, VOLUME 
LINEAR CIRCUITS DATA BOOK, VOLUME 
LINEAR CIRCUITS DATA BOOK, VOLUME 
LINEAR CIRCUITS DATA BOOK, VOLUME 
LINEAR CIRCUITS DATA BOOK, VOLUME 


1989 
1989 
1989 


1, 
1, 
1, 
1, 
uF 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 


LINEAR CIRCUITS DATA BOOK, VOLUME 2, 1989 


SLYDOO3 
SLYDOO3 
SLYDOO3 
SLYDOO3 
SLYDOO3 
SLYDOO3 
SLYDOO3 
SLYDOO3 
SLYDOO3 
SLYDOO3 
SLYDOO5 
SLYDOO3 
SLYDOO1 
SLYDOO3 
SLYDOO1 
SLYDOO1 
SGLSO06 
SGLSOO6 
SLNSO18 
SLNSO17 
SLYDOO3 
SLYDOO1 
SLYDOO3 
SLYDOO3 
SLYDOO3 
SLYDOO3 
SLYDOO3 
SLYDOO3 
SLYDOO3 
SLYDOO3 
SLYDOO3 
SLYDOO3 
SLYDOO3 
SLYDOO3 
SLYDOO3 
SLYDOO3 
SLYDOO3 
SLYDOO4 


MILITARY PRODUCTS BASELINE 


PRODUCT 
NUMBER 


TLC2201M 
TLC2201AM 
TLC3702M 
TLC3704M 
TLE2021M 
TLE2021AM 
TLE2021BM 
TLE2022M 
TLE2022AM 
TLE2022BM 
TLE2024M 
TLE2024AM 
TLE2024BM 
TLE2061M 
TLE2061AM 
TLE2061BM 
TLE2062M 
TLE2062AM 
TLE2062BM 
TLE2064M 
TLE2064AM 
TLE2064BM 
TLE2161M 
TLE2161BM 
UA710M 
UA711M 
UA723M 
UA733M 
UA741M 
UA747M 


|'UA747M-1M_ LINEAR CONTROL CIRCUITS DATA BOOK, 2ND ED, 1980 


UA78MO05M 
UA78M12M 
|} VA79MO5M 
UA79M12M 
ULN2003A 
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DATA BOOK/DATA SHEET 


LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 
LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 
LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 
LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 
TLE2021M DATA SHEET, FEBRUARY 1989 
TLE2021M DATA SHEET, FEBRUARY 1989 
TLE2021M DATA SHEET, FEBRUARY 1989 
TLE2022M DATA SHEET, MAY 1989 

TLE2022M DATA SHEET, MAY 1989 

TLE2022M DATA SHEET, MAY 1989 

TLE2024M DATA SHEET, MAY 1989 

TLE2024M DATA SHEET, MAY 1989 

TLE2024M DATA SHEET, MAY 1989 

TLE2061M DATA SHEET, OCTOBER 

TLE2061M DATA SHEET, OCTOBER 

TLE2061M DATA SHEET, OCTOBER 

TLE2062M DATA SHEET, OCTOBER 

TLE2062M DATA SHEET, OCTOBER 

TLE2062M DATA SHEET, OCTOBER 

TLE2064 DATA SHEET, NOVEMBER 

TLE2064 DATA SHEET, NOVEMBER 

TLE2064 DATA SHEET, NOVEMBER 

TLE2161M DATA SHEET, NOVEMBER 1989 
TLE2161M DATA SHEET, NOVEMBER 1989 
LINEAR CIRCUITS DATA BOOK, 1984 

LINEAR CIRCUITS DATA BOOK, 1984 

LINEAR CIRCUITS DATA BOOK, VOLUME 3, 1989 
LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 
LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 
LINEAR CIRCUITS DATA BOOK, VOLUME 1, 1989 


LINEAR CIRCUITS DATA BOOK, VOLUME 3, 1989 
LINEAR CIRCUITS DATA BOOK, VOLUME 3, 1989 
LINEAR CIRCUITS DATA BOOK, VOLUME 3, 1989 
LINEAR CIRCUITS DATA BOOK, VOLUME 3, 1989 
INTERFACE CIRCUITS DATA BOOK, 1987 


Tl 
REFERENCE 
DOCUMENT 
SLYDOO3 
SLYDOO3 
SLYDOO3 
SLYDOO3 
SLOSO24 
SLOSO24 
SLOSO24 
SLOSO27 
SLOSO27 
SLOSO27 
SLOSO28 
SLOSO28 
SLOSO28 
SLOSO045 
SLOSO045 
SLOSO045 
SLOSO044 
SLOSO044 
SLOSO044 
SLOSO48 
SLOSO048 
SLOSO48 
SLOSO49 
SLOSO049 
SLYDOO1 
SLYDOO1 
SLYDOOS5 
SLYDOO3 
SLYDOO3 
SLYDOO3 
SLYDOO5 
SLYDOO5 
SLYDOO5 
SLYDOO5 
SLYDOO2 


SECTION 
& PAGE 


2-763 
2-763 
3-151 
3-157 


4-87 
4-91 
2-211 
4-213 
2-837 
2-845 
177 
2-237 
2-237 
2-253 
2-253 
o-173 


Fully Characterized for Military Applications 

— Product Fully Compliant with the 
Requirements of MIL-STD-883 
Paragraph 1.2.1 Is Available 

— Production Processing Is in Accordance 
with the General Requirements of 
MIL-M-38510 


Six Arrays with Up to 16,758 Usable Gates 


Extensive Design Support 

— Design Libraries Compatible with Daisy 
and Mentor CAE Systems 

— Tl Regional ASIC Design Centers 


@® Library Contains 222 Macros Including: 
— Register Files, Oscillators 
— Scan Flip-Flops/Latches 
— Clock Distribution Macros 


@ TGC100M 1-um EPIC™ CMOS Technology: 
— Double-Level Metal, Silicided Poly 
— Typical Gate Delay 500 ps (FO = 3) 
— Flip-Flop Toggle Rates Up to 208 MHz 
— ESD and Latch-Up Protected I/Os 
— Outputs with Up to 17-mA Sink Current 
— di/dt Controlled or Full-Speed Outputs 


description 


TGC100M MILITARY SERIES 
1-~m CMOS GATE ARRAYS 


Release 2.0, APRIL 1989 


AC PERFORMANCE TEST STRUCTURE 
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BOND PAD EXTERNAL INTERFACE MACRO 


FIGURE 1. TGC103M CMOS GATE ARRAY 


The Texas Instruments TGC100M Series comprises six gate arrays, each fabricated using Tl’s 1-~m 
advanced silicon-gate CMOS EPIC™ process. The process features two levels of copper-doped-aluminum 
metallization for interconnects. Silicided polysilicon gate, source, and drain elements further reduce internal 
resistance and enhance performance. N-channel and P-channel gate lengths are patterned at 1-um. The 
six base gate arrays, with their basic cells and bond pad configurations, are shown below. 


TABLE 1. SIX BASIC GATE ARRAYS 


TSee Figure 1. 


TOTAL MAXIMUM 
|teciosmt | 3200 | 2880 | 84 | 
rreciosm | 5376 aes | ie | 
Pracioam | se96 | 800 | 142 | 
Precriam [12654 | 11380 | 196 | 


84 

142 
TGC115M 15580 14022 
TGC118M 18620 16758 


The basic structure of the TGC100M Series 1-um CMOS gate arrays consists of basic-cell columns separated 
by wiring channels. A perimeter of external interface macros is configurable as inputs, outputs, bidirectional 
I/Os, oscillators, or power pins. Each 4-transistor internal basic cell is equivalent to a 2-input NAND gate. 


EPIC is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 


TEXAS 4 
INSTRUMENTS 


Copyright © 1989, Texas Instruments Incorporated 


POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 14-33 


TGC100M MILITARY SERIES 
1-~m CMOS GATE ARRAYS 


library functions 


The TGC100M series gate array library includes basic gates, buffers, flip-flops, latches, registers, and MSI 
macros. Of the 222 macros offered, 195 are hardwired and 27 are software macros. The hardwired macros 
provide a broad selection of predesigned, fully characterized functions. The software macros provide popular 
TTL/CMOS-type MSI functions, which can be used as supplied or modified at the workstation to suit your 
design requirements. Additional user-defined software macros can be created using the TGC100M library 
macros. Library release 2.0 contains the following classes of macros: 


@® 2 Hardwired MegaModule™ Register Files and 27 MSI Software Macros 
@ 39 Registers, Scan Flip-Flops/Latches, and Delay Elements 

@® 75 Gates, Bus Buffers, and Macro Building Blocks 

@ 79 External Input, Output, Bidirectional Buffers and Oscillator Macros 


A workstation library summary, showing essential performance data and basic-cell utilization, begins on 
page 17. Acomplete TGC100M Series Design Kit, supplied for the Daisy or Mentor CAE Systems, includes 
the following: 


@ 7GC100M Series Data Manual 

@® CMOS Gate Array Design Manual 

@ Design Support Software User’s Manual 
@ 7GC100M Series Design Library. 


The Design Kit is arranged to accommodate new material as it is issued. 


design flow 


User-defined semicustom integrated circuits, designed using Tl’s TGC 100M Series Macro Function Library 
in conjunction with Daisy or Mentor CAE Systems, can be simulated and verified prior to creating the design 
database files. The database files generated are used to create the photomask tooling for fabrication. These 
files are also used by the test programs required for acceptance of the user-defined gate array prototypes. 
Figure 2 provides an overview of the design flow. If desired, TGC100M Series gate array designs can be 
migrated easily to Tl standard cell designs. 


MegaModule is a trademark of Texas Instruments Incorporated. 
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design flow 


User-defined semicustom integrated circuits, designed using Tl’s TGC100M Series Macro Function Library 
in conjunction with Daisy or Mentor CAE Systems, can be simulated and verified prior to creating the design 
database files. The database files generated are used to create the photomask tooling for fabrication. These 
files are also used by the test programs required for acceptance of the user-defined gate array prototypes. 
Figure 2 provides an overview of the design flow. If desired, TGC100M Series gate array designs can be 
migrated easily to Tl standard cell designs. 


Design functions Design functions Fabrication functions 
performed by: performed by: performed by: 


CUSTOMER AND/OR ASIC DESIGN CENTER ASIC DIVISION 
ASIC DESIGN CENTER TEXAS INSTRUMENTS 


LOGIC DIAGRAM 

MACRO SELECTION 

DESIGN CAPTURE 

SIMULATION/TEST 

DESIGN 

SPECIFICATION DESIGN REVIEW 


CONTRACT 
PREPARATION 


CONTRACT REVIEW 

AND ACCEPTANCE 
LAYOUT 
POST-LAYOUT QC 


ACK ANNOTATION 
POST-LAYOUT ia i 


SIMULATION PHOTOMASK TOOLING 
DESIGN SIGN-OFF FABRICATION 
ASSEMBLY 
TEST 
DELIVERY 
PROTOTYPE 


ACCEPTANCE 
VOLUME PRODUCTION 


FIGURE 2. TGC100M SERIES DESIGN FLOW OVERVIEW 
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prototype 


The standard TGC100M Series Non-Recurring Engineering (NRE) charge and prototype cycle-time quotation 
includes the following products and services: 


Initial Design Review 

Development Contract Preparation 

Design Layout (macro placement and routing) 
Post-Layout Design Verification 

Delivery of Post-Layout Delay Files (back annotation) 
Photomask Tooling 

Fabrication, Assembly, and Test of Prototypes 
Delivery of Five (5) Prototypes (see Note 1) 


NOTE 1. Prototypes will be tested for functionality using customer-supplied test patterns (8000 vectors standard) at 
f = 1 MHz, Vcc = 5 V, and Ta = 25°C. 


options for prototype 


In addition to the standard TGC100M Series product and services previously outlined, the following options 
may also be selected (at additional cost and cycle time): 


Additional Prototypes 

Additional 1-MHz Test Vectors 

Devices Tested Over Temperature and Vcc Range Plus DC Parametrics 
Critical Path Delay Measurements (pin-to-pin) 

‘‘At-Speed’’ Test Vectors 

Nonstandard Vcc and Ground Pin Locations 


For a quotation or further details of available options, please contact your local T! Sales Office. 
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mechanical data 


A guide for the Military package selection is shown below in Table 2. These packages are recommended 
as a representative selection that satisfies a wide range of ASIC applications. Texas Instruments will consider 
supplying package requirements other than those within Table 2. 


TABLE 2. MILITARY PACKAGES 


J-LEADED QUAD FLAT 
TYPE TOTAL MAXIMUM 48- | 
Fi 
[Tecioaw [9200 | 2880 
TECTOBM 


TGC115M 15580 14022 
TGC118M 18620 16758 


GATE ARRAY 


TGC105M X 
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macro naming summary 


The logic function implemented by each of the TGC100M Series gate array macro functions is indicated 
by the macro name prefix. An index to the macro name prefixes is shown in Table 3. The LJ suffix appended 
to each macro name indicates 1-um CMOS technology. 


LOGIC FUNCTION PREFIX 
(AN = AND GATE) 


AN 


DRIVE LEVEL (1X) 


NUMBER OF INPUTS (2) 


TECHNOLOGY 


NUMERICAL SEQUENCE 


TABLE 3. INDEX TO MACRO FUNCTION PREFIXES 


hs a re eae ene ae ee Adder 
BEE see chey RH REHEN ES GE RCETE AOS AND Gates 
| > oe ee ee AND-OR Gates 
BF.... Multi-Stage AND, NAND, NOR, OR Gates 
Bee i 4:k> & aOR E He oe SHR REO eee Buffers 
Sa a ae Decoders/Demultiplexers 
DPIDT . cic wastes scene une D-Type Flip-Flops 
Se. wakes Oe ede be ead & Se VASO Delay Elements 
BI uc eam Cdee ewe ec ane 4 Exclusive-NOR Gates 
Ge wee deveateeckeu reser Exclusive-OR Gates 
i 0c ee ade ew eases Bidirectional |/O Buffers 
Pus eb ase ber agen a dase aues wes Input Buffers 
Pe ae 4 oe 8S -b k e e Inverters 
OG. widvehs ee eden ereeess J-K Type Flip-Flops 


oe ee eee ee D-Type and S-R Latches 
oe ee ee ee ee ee ee Latches 
| ee ee. eee ee er eee Multiplexers 
Pc has FOES RHEE ECE AK ee ee NAND Gates 
Mee iG. woe k hoe. eed OOO Oe eS NOR Gates 
S| a es oe ee ee Output Buffers 
4 eee ee ee ee eee ee ee ee OR Gates 
0 a ee oe a ee eee Oscillators 
a @ x5 ba oo aw ee web aaeeeeeeees Registers 
(| ee Ce ee ee ee eee Register Files 
SP avaeacashs ee Gude anedawet Software Macros 
CC ee ee ee ee ee Toggle Type Flip-Flops 
We - 62 oG wae be 4 46S Ss Gees oe OE Scan Flip-Flops 
Ws 4-452 4400we bes Hi- and Lo-Level Tie-Off Gate 


TEXAS 4% 
INSTRUMENTS 


14-38 


POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 


TGC100M MILITARY SERIES 
1-um CMOS GATE ARRAYS 


absolute maximum ratings over operating free-air temperature ranget 


Supply voltage range, VCC... 2 ee -0.5Vto7V 
input voltae range, Vin. caw cc ce ree ewe se eee eee ee ee ew a ie we —~O.5 Viows ¥ 
Output voltage range, VO ... 1... ee eee =0.5 Vito 7 V 
Input clamp current, lik? (Vi < Oor Vj > VCC)... 2 eee eee eee eee ee +20 mA 
Output clamp current, IoK? (Vo < Oor VO > VCC) ... 2. eee eas +20 mA 
Continuous output current’ (Vo = Oto VCC)... 0... cee eae +25 mA 
Operating free-air temperature range ........... 0... es - 55°C to 125°C 
Storage temperature range ......... 0... ee eee =65"°C to 150°C 


T Stresses beyond those listed under ‘Absolute Maximum Ratings’’ may cause permanent damage to the device. These are only stress 
ratings, and operation of the device at or beyond the conditions indicated in the ‘‘Recommended Operating Conditions’’ section of this 
specification is not implied. Exposure to absolute maximum rated conditions for extended periods may affect device reliability. 

+ Applies for external input and bidirectional! I/O buffers. 


recommended operating conditions 


CNOA 
Vcc Supply voltage 4.5 5 5.5 fo ov | 


; ¢ CMOS-compatible inputs 0.7Vcc 
ViH High-level input voltage : V 
TTL-compatible inputs 2 
CMOS-compatible inputs 
TTL-compatible inputs 
V\ Input voltage { # 


CMOS-compatible inputs 0. 
VT+ Positive-going threshold voltage* : : V 
TTL-compatible inputs 2 


CMOS: compatible inputs 
V7— Negative-going threshold voltage*# E : e CC V 
TTLcompatible inputs | ——S—SS—SCS~C~t 


Vit Low-level input voltage! 


CMOS-compatibie inputs 1.7 


Vhys Hysteresis* (V7 4 -— VT_) Wi 
As specified on 
date haste 
t 


t Input transition time (rise and fall) 14# 0 25 | ons 
Ta Operating temperature range 


8 Applies for external bidirectional |/O and output buffers. 
{ Applies for external input and bidirectional |/O buffers without hysteresis. 
# Applies for external input buffers with hysteresis. 
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electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS | MIN MAX | 
CMOS threshold | 37 

IOH = Rated 
TTL threshold ae 


VOH_ High-level output voltage t 
Inputs without pull-up OH = ae am 0.1V 
See Note 2 ce 


CMOS threshold 
loL = Rated 
TTL threshold 


3.7 
2.4 
VoL Low-level output voltage * 
: lo. = 20 pA, 
Input without pull-down 

See Note 2 
TECTO3M 
TGC1O5M 
thes eee TGC108M Vi = Vec or 0, 

u curr 

ies TSC112M seeNote3 [880 
TGCT15M 
TGCT18M 


TNot applicable for N-channel open-drain output buffers. 
tNot applicable for P-channel open-drain output buffers. 
NOTES: 2. These limits apply when all other outputs are open. 
3. For external inputs and bidirectional I/O buffers with pull-up source V; = Vcc and with pull-down source V; = O, the remaining 
electrical and switching characteristics are summarized in the library listing beginning on page 17. 
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input, output, and bidirectional buffers 


The TGC100M Series library contains a wide selection of input, output, and bidirectional buffers that 
facilitate design trade-offs. The buffers include versions having active pull-up or pull-down terminators 
and N-channel and P-channel open drains. 


input buffers 


Input buffers are available with CMOS- or TTL-level thresholds that feature inverting and noninverting 
versions with and without hysteresis. A guide to input buffer selection is shown in Table 4. 


TABLE 4. INPUT BUFFER MACRO SELECTION GUIDE 
DESCRIPTION NONINVERTING AND OPTIONS 


STANDARD IPIO1LJ 
NONINVERTING | 70-nA PULL-UP IPLO1LJ 


70-4A PULL-DOWN IPUO1LJ 

HYSTERESIS IPIO6LJ 
INVERTING 

STANDARD IPIOOLJ 


HYSTERESIS IPIOSLJ 

STANDARD IPIO4LJ 
Tit NONINVERTING 

70-nA PULL-UP IPLO4LJ 


70-nA PULL-DOWN IPUO4LJ 


These input buffers feature 2-pin crystal-controlled oscillator circuits embedded in an input design. 


TABLE 5. CRYSTAL-CONTROLLED OSCILLATORS 


Performance specifications for input buffers and crystal-controlled oscillators are contained in the 
workstation library summary section of this data sheet and also in the TGC700M Series Data Manual. 
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di/dt control 


The rapid rate of change of current (di/dt) developed during high-speed logic-level transitions of output 
and bidirectional buffers creates unwanted voltage transients if the gate array is installed in a system having 
high Vcc and/or ground impedances (see Figure 3a). To assist in minimizing unwanted voltage transients, 
the TGC100M Series Gate Array library includes output and bidirectional buffers having integral di/dt control 
(see Figure 3b). Full-speed, non-di/dt-controlled versions are also offered for critical paths. 


SWITCHING 
OUTPUT(S) 
0) 0 
1 1 
UNSWITCHED 
OUTPUT(S) 
0 0) 
a. WITHOUT di/dt CONTROL b. WITH di/dt CONTROL 


FIGURE 3. TYPICAL EFECTS OF di/dt CONTROL 


When using non-di/dt-controlled output buffers, the following methods are some of the options used to 
minimize the di/dt-related transients and reduce VCC and ground trace impedances. 


® Locate non-di/dt-controlled output and bidirectional buffers on low-inductance pins and adjacent 
to Vcc and ground pins 

@ Minimize the number of simultaneously switching outputs 

@ Increase the number of Vcc and ground pins 

@ Increase the width of printed-circuit board’s VCC and ground traces, or use dedicated VCc and 
ground planes 


Table 6 provides a selection guide for choosing the correct buffer based on the type of load driven, along 
with potential Vcc and ground pin requirements reduction. 


TABLE 6. BUFFER SELECTION GUIDE 
CONSIDER USING 
APPLICATION (TYPE OF LOAD DRIVEN) POTENTIAL 

BUFFER TYPE daronenad 

CMOS/MOS AC/ACT TERMINATED CRITICAL cc 
/Os OUTPUTS REDUCTION 

LS ALS/S/AS/E LINES PATHS 
Ps IO(K,N, W)XXLJ OPKXXLJ 45% 
lO(I,L,U)XXLJ OPIXXLJ 0 


Detailed design guidelines on the selection of output and bidirectional buffers and Vcc and ground pin 
requirements are contained in the CWOS Gate Array Design Manual. 
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output and bidirectional 1/O characteristics 


The high-level and low-level output voltage characteristics of external outputs and bidirectional I/Os are 
common for all types of macros. The electrical characteristics table on page 8 provides the VOH and VoL 
parameters. 


output buffers 


Output buffers are available in totem-pole, 3-state, N-channel, or P-channel open-drain output configurations 
with drive current ratings from 1.6 mA to 17 mA. Performance specifications are contained in the 
workstation library summary section of this data sheet and also in the 7GC700M Series Data Manual. 
A guide to output buffer selection is shown in Table 7. 


TABLE 7. OUTPUT BUFFER MACRO SELECTION GUIDE 


OUTPUT OUTPUT CURRENT 
CONFIGURATION (Source/Sink) 


MACRO NAME 
(and performance class) 


(See Note 4) (mA) WITH di/dt 
OPK20LJ 
OPK40LJ 
OPKBOLJ 
TOTEM-POLE 


10.2/13.6 OPKAOLJ OPIAOLJ 
10.2/17 OPKJOLJ OPIJOLJ 


OPEN-DRAIN 
N-Channel 
(See Note 5) 
OPEN-DRAIN 
P-Channel 
(See Note 6) 


OPK21LJ 
OPKA TLS 
a | aed OPKB LJ 
OPK2ALJ 
ee 


OPKaaLJ 
OPKBAL, 
OPK23L4 
3-STATE OPKASLJ 
OPKE3LJ 


NOTES: 4. All output buffers are noninverting. 
5. N-channel open-drain outputs are for sink current. 
6. P-channel open-drain outputs are for source current. 


10.2/10.2 OPKHOLJ OPIHOLJ 


OPI83LJ 
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bidirectional input/output buffers 


Bidirectional I/O buffers are available in 3-state output configurations with drive current ratings from 1.6 mA 
to 6.8 mA. Performance specifications are contained in the workstation library summary of this data sheet 
and also in the 7GC 700M Series Data Manual. A guide to bidirectional buffer selection is shown in Table 8. 


TABLE 8. BIDIRECTIONAL I/O BUFFER SELECTION GUIDE 


OUTPUT OUTPUT CURRENT INPUT MACRO NAME 
CONFIGURATION (Source/Sink) (and performance class) 


THRESHOLD 
(See Notes 7 and 8 (ma) 
jOK24LJ 
WITH 70-4 
WITH 70-nA 
PULL-DOWN seis 


NOTES: 7. All inputs are noninverting. 
8. All outputs are 3-state and noninverting. 
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ALPHANUMERIC INDEX TO TGC100M MACROS 


lION81LJ NA310LJ 


Ww 
oO 


CKD12LJ 7 


ION84LJ NA311LJ 


Ww 
oO 


CKD15LJ 8 


IOU21LJ 26 NA320LJ 


w 
oO 


CKD18LJ 
lOU24LJ 


fo) 


NA410LJ 


Ww 
oO 


DE210LJ 


MACRO CELLS MACRO CELLS 
NAME USED NAME USED NAME USED | pace 
Tapios [9 | te) ~[orerous |e pa] [ons [| 23 
Corea | 9p 21 | [ios | | 23 
a 
a 
Tiruons [= | a8 
Trois |= ee) pues 2 
romans | 
omy | ee) zo a 2 
Tanto [sp] romans 2 
owing | 
poats |) |S oveats Trivers [a 
ZT TCT Tivaany [8 a 
A320.) (OK 2414 
aoazis [4p | [oka 
aroun) [2 | 19] | 10kaat, 
Broos.y | 2 | te) roKat Prana | 8 28 
ror) | 3] 19 || toKeats Ctantans [8 | 28 
BF022L, (ola 
ST TET Ttanzony [sf 8 
arosay | 2 | 19) ocetus 
eroseny | 2] te || ouaats 
sur [2p te) oer Ttraoous a1] 28 
BUTSOL ioLeaL, 
cKT2015 iON2TLS 
cxoosty | 40 ta) «sone 
cxDosy [48 19] | onat 30 
EKDOALJ ioNaaLs 30 

Cnasiow [2 

Cnasiis [2 

36] naszous 

Ss 

| NA420L | 4 

| NASION | 3 

| NAS20Ly | 5 

| NABIOL) | 6 

| NAB20LN [| 6 

| No210LJ | 1 

| Noz20y | 2 

| NO310LN | 2 

| No320.y [3 | 

| No4toly | 4 


| 30 

: | 30 

| 30 

a ae LO 
[30 

DFB20LJ lOU41LJ NA420LJ 
DLDOOLJ lOU44LJ NA510LJ 
DLEOOLJ lOU81LJ NA520LJ 
pTBooly «| CO lOU84LJ NA810LJ 
pTBi0L) {| 9 | lOw21LJ NA820LJ 
pTB20l) {| 10 | low24LJ NO210LJ 
DTCOOLJ lOW41LJ NO220LJ 
DTC10L) | 8 | low44LJ NO310LJ 
DTc20y | 9 | lOw81LJ NO320LJ 
DTNOOLJ) [| 6 | lOW84LJ NO410LJ 
DTNTOL, (PIOOLJ Tnoazots | 4 | at 
pTnzot) | 8 oe 
DTPOOL PIOALJ Tnoszons fs | 1 


— = 0, 10s, IPs, OPs, and OSs do not occupy basic-cell locations. 
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ALPHANUMERIC INDEX TO TGC100M MACROS (continued) 


MACRO CELLS MACRO CELLS MACRO 
NAME USED NAME USED NAME 
orca | | 4 
Torkeoty | | 32 
Torey | | 34 
Torkeaty | — | 33! 
Torkeaty | *| 34 
Torsion | 4 | 38 
Torsiony | 5 | 38 
Tosi | | 38 
Tosnas | - | 35 _| 
Cosmas | | 35 
Tosnaus | +t 38 
462 
Tsossus | se 18 


— = 0, 10s, IPs, OPs, and OSs do not occupy basic-cell locations. 
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CMOS/TTL NUMERICAL CROSS-REFERENCE 


CMOS OR TTL SIMILAR GATE- 
TYPE NUMBER ARRAY MACRO 

4000 NO310LJ 
NO320LJ 
4001 NO210LJ 
NO220LJ 
4002 NO410LJ 
NO420LJ 
NA210LJ 

4011 
NA220LJ 
NA410LJ 

4012 
NA420LJ 
4013 DFB20LJ 
DTB10LJ 
eC CT 
NA310LJ 

4023 
NA320LJ 
4027 JKB20LJ 
EX210LJ 

4030 
EX220LJ 
4044 LAB2OLJ 

4063 S085 


NA810LJ 
4068 

NA820LJ 
4069 IV140LJ 

EX210LJ 
4070 

OR210LJ 
4071 

OR220LJ 

OR410LJ 
4072 

OR420LJ 

AN310LJ 
4073 

AN320LJ 

OR310LJ 
4075 

OR320LJ 
4076 $173LJ 
4077 EN210LJ 


NO810LJ 
AN210LJ 


3 
3 
3 
3 
3 
2 
3 
3 
2 
2 
2 
3 
2 
2 
3 
3 
1 
3 
2 
2 
3 


1 
1 
1 
6) 
0 
1 
6 
) 
7 
3 
8 
6) 
7 
3 
5 
5 
7 
5 
2 
3 
1 

17 


_— 
~N 


4082 AN410LJ 
AN420LJ 
4085 AOQ221LJ 17 


CMOS OR TTL SIMILAR GATE- 
TYPE NUMBER ARRAY MACRO 


S161ALJ 
4520 


$163ALJ 


[aes —SC*dSSC SL 


NA210LJ 
5400 

NA220LJ 

NO210LJ 
5402 

NO220LJ 

IV120LJ 
5404 

IV140LJ 

AN210LJ 
5408 

AN220LJ 

NA310LJ 
5410 

NA320LJ 

AN310LJ 
5411 

AN320LJ 
5414 IPIOOLJ 

NA410LJ 
5420 

AN410LJ 
5421 

AN420LJ 

NO310LJ 
5427 

NO320LJ 

AN810LJ 
5430 NA810LJ 0 

OR210LJ 
5432 35 

OR220LJ 
5440 NA420LJ 30 
5450 AO0220LJ 
5451 A0421LJ 


54S51 A0221LJ 
5458 A0320LJ 


DFB20LJ 
5474 2 
DTB10LJ 


: 
5475 LAH20LJ 28 


27 
29 
20 
29 
23 
37 
20 
30 
31 
27 
17 
30 
17 
23 
30 
ie 
31 
Aa 


Ww 


ee ee 
NENT NIN 


NA820LJ 
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CMOS/TTL NUMERICAL CROSS-REFERENCE (Continued) 


CMOS OR TTL 
TYPE NUMBER 
5485 SO85LJ | 18 | 
EX210LJ 
5486 23 
EX220LJ 
R2403LJ 
5494 36 
R2404LJ 
54109 JKB20LJ 
54138 S138LJ 


P| to | 
54139 20 
DE210LJ 
[sates SiC CdS 
MU111LJ 
[sarea «YS seats iC 


CMOS OR TTL SIMILAR GATE- 
TYPE NUMBER ARRAY MACRO 
ee ee 
54175 

S175LJ 
[saerSC«dCSCi SSCS 
[sarez Sid] SSSC*d;=C 
[savor ——SC«dYSS St —SC*d?SC 
2c ST 
[sateaa «| StoMa id; 
7 a 2 


20 
20 
37 
2 
2 
2 
2 
2 


54375 $375LJ 


54468 


IV211LJ 
IV221LJ 


IV241LJ 


RF400LJ 
54670 3 
RF402LJ 


54686 S686LJ 
54688 S688LJ 


6 
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AND, AND-OR, & AND-NOR GATES 


FUNCTION CHARACTERISTICS 
DELAY TIME DELTA DELAY 


GATES tPLH | tPHL | 4tPLH | AtPHL 
HARDWIRED (ns) (ns) (ns/pF) 


(ns/pF) 
0.88 0.49 
1.86 


0.98 
0.44 


0.3 
0.94 0.62 
0.89 


1.88 
0.46 
1.01 


0.77 | 0.67 0.9 
0.87 0.7 | 0.48 
0.99 | 0.74 | 0.92 
0.34 0.7 | 1.69 
AN810LJ 3.71 
0.62 | 0.97 | 0.46 0.38 
AO220LJ 76 1.39 0.98 0.84 
1.29 | 1.32 0.9 0.64 
AOQ320LJ 1.93 1.29 
0.5 | 0.38 | 1.68 0.75 
0.76 | 3.72 1.66 

MAX | 4.14 91 7.42 

1.06 | 0.76 | 1.67 

2.34 3.71 


0.31 
0.66 
0.52 
1.08 
0.33 
0.71 
0.54 
1.15 
0.52 
1.09 


1.84 
1.33 
3.1 
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ARITHMETIC FUNCTIONS 


CHARACTERISTICS 
WIDTH DELAY TIME DELTA DELAY 
MACRO OR OUTPUT | CELLS Cj Cod tpLH | tpHL | 4tpLH | AtpHL 
NAME SIZE DRIVE USED (pF) (pF) (ns) (ns) (ns/pF) | (ns/pF) 


FUNCTION 


ARITHMETIC 


4 0.44 | 0.64 
0.44 | 0.32 


MAGNITUDE 1¥P 
S686LJ 8-BITS 2X 104 TYP | MULTI {23.51 
COMPARATOR MAX 
IDENTITY TYP 
S688LJ 8-BITS 2X 32 TYP MULTI} 5.57 
COMPARATOR MAX 


OPERATORS 
SOFTWARE 
1-BIT FULL 
TYP 0.78 | 1.77 0.92 0.74 
ADDER AD100LJ 1-BIT 1X TYP | MULTI] 1.72 
MAX 1.65 | 4.22 1.98 1.56 
(HARDWIRED) 
MAGNITUDE TYP 4.6 5.5 0.44 0.32 
SO85LJ 4-BITS 2X TYP | MULTI] 9.83 
COMPARATOR MAX S.5 | 11.7 0.9 0.46 
PARITY TYP 3.2 3.1 0.89 0.5 
$180XLJ 8-BITS 1X 21 TYP | MULTI] 5.32 
TREE MAX 6.4 6.3 1.86 1 
ALU WITH TYP 7.4 6.7 0.88 1.27 
$181LJ 4-BITS 1X 125 TYP | MULTI | 24.01 
LOOK-AHEAD MAX 14.4 | 14.4 1.88 2.98 
LOOK-AHEAD TYP 2.5 yan) 1.72 1.29 
S182LJ |4 STAGES 2X 35 TYP | MULTI] 6.62 
CARRY GEN. MAX 4.7 3.9 3.7 3 
RIPPLE TYP 3.8 3.4 0.44 0.32 
S283LJ 4-BITS 2X TYP | MULTI }13.35 
ADDER MAX Isa Vel 0.9 0.86 
re m 
6.1 5 
2.5 3.2 
4.9 9 
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TGC100M MILITARY SERIES 
1-~4m CMOS GATE ARRAYS 


MULTISTAGE-GATE FUNCTIONS & BUFFERS 


FUNCTION CHARACTERISTICS 


MULTISTAGE DELTA DELAY 
(ns) (ns) (ns/pF) | (ns/pF) 
TYP | 0.39 | 0.34 1.67 
MAX | 1.56 | 0.67 5.56 
TY 0.8 | 0.42 2.5 
A 


0.67 
1.64 
0.77 
1.71 
0.76 
1.78 


a 


2.44 
0.73 
1.64 


x 
P 
x 
typ | 0.86 | 0.47 | 2.23 
: MAX | 2.19} 1.2] 5.54 
Typ | 0.38 | 0.33] 1.41 
: MAX | 1.17 | 0.63} 3.7 
TYP | 0.52 | 0. I. | 
OR-NAND BFOS3LJ 4 1X 2 | TYP | 0. ioe 69 | 0.74 
max | 1.43 | 0.74] 3.72 | 1.62 
AX 
x 
x 


= 


P 
TYP 0.65 | 0.45 1.68 
BFOS6LJ & 1X 2 TYP : 
M 1.51 0.95 3.7 2008 
P 


Y 0.51 | 0.64 0.28 0.22 
BU130LJ 1 ax 2 TYP 
MA 0.92 | 1.28 0.62 0.46 
BUFFERS 
TYP 0.61 | 0.79 0.18 0.16 
BU150LJ 5X 3 TYP | 0.07 1.5 
MA 1.11 | 1,62 0.42 0.4 
3-STATE 
TYP 1.97 | 2.54 | 0.86* | o.62t 
BUFFER 8 TYP | MULTI | 6.54 ‘ 
MAX | 3.5 2.8? 1.92% 1.4T 
SOFTWARE 
"tpLz 
*tpHz 


CLOCK GENERATOR/DRIVERS 


FUNCTION CHARACTERISTICS 
CLOCK 
GENERATOR NUMBER DELTA DELAY 
DRIVERS OF OUTPUT | CELLS AtpLH 
HARDWIRED INPUTS DRIVE | USED (pF) | (pF) (ns) | (ns) | (ps/pF) | (ps/pF) 
2-PHASE 

M 12.6 | 4.18 | 1220 

18.1 


A ; 
8 T 1.94 | 1.95 2 
MA 3.34 | 3.42 4 
5 


a 
AX 
YP 
, xX 
TYP 2.18 | 2.21 2 
24.1 
Cone baba 
USE ON ie TYP 3 | 2.29 
TGC108M MAX 4.98 | 4.06 
TYP 2.36 | 2.41 
6.6 
AX 4.1 | 4.24 
P 
AX 
P 
AX 


T¥ 2.45 2.5 

0.8 
M 4.26 | 4.42 
T 2.45 ae 

40.8 
M 4.26 | 4.42 


330 
30 
20 
20 
10 
10 
10 


O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 


3 
7 
2 
1 
2 
1 
2 
1 
2 
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TGC100M MILITARY SERIES 
1-~4m CMOS GATE ARRAYS 


COUNTERS 


FUNCTION CHARACTERISTICS 
SWITCHING (C;, = 0) (see Note 9) 
TYPE 
COUNTERS MACRO OF OUTPUT | CELLS AtpLH 
SOFTWARE NAME CLEAR DRIVE | USED (pF) | (pF) (ns) | (ns) | (ns/pF) | (ns/pF) 


4-BIT TY? 3.9 3.5 OP 0.52 
S161ALJ ASYNC 79 TYP | MULTI | 18.58 
BINARY MAX 8.1 7.6 1.88 1.07 
81 
87 


4-BIT TYP 3.9 3.5 0.9 0.52 

S163ALJ SYNC 1X TYP | MULTI | 17.62 

BINARY MAX 8.1 7.6 1.88 1.07 
1X 


4-BIT 

TYP 4.7 3.9 0.46 0.35 
UP/DOWN $191LJ NONE TYP | MULTI | 22.16 

MAX 9.8 8.2 1 o.77 
BINARY 
4-BIT 

TYP 3.8 3.7 0.88 1.56 
UP/DOWN $193LJ ASYNCH TYP | MULTI |21.76 
BINARY MAX 2 Vel 1.9 3.66 


NOTE 9: Specific timing data regarding pulse duration, setup time and hoijd time models are incorporated in the engineering workstation 
library. These models are for the clocked functions embedded in the software macros. Evaluations of timing requirements made 
during pre-layout simulation, produce workstation output used to identify and resolve each specific timing need. 


DECODERS & DEMULTIPLEXERS 
FUNCTION CHARACTERISTICS 
DECODER/ DELAY TIME DELTA DELAY 
DEMULTI- MACRO OUTPUT | CELLS Cj Cod tpLH | tpHL | AtpLH | AtpHL 
PLEXERS NAME DRIVE USED (pF) (pF) (ns) (ns) (ns/pF) | (ns/pF) 
HARDWIRED DE210LJ 2-TO-4 1X 3 TYP | 0 23 1.52 Lai aae | O28 ney ile 
iia MAX | 0.51 | 0.44 1.85 1.6 
3-ENABLES TYP 1.6 3.7 0.88 1.27 
138LJ 3-TO-8 1X 25 TYP | MULTI 
(SOFTWARE) sigs | roe | ox | 25 | rye | 508] sax | a7 | se 1.88 
1-ENABLE DUAL TYP 13 1.4 0.88 0.99 
S139LJ 1X 26 TYP | MULTI | 7.66 
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TGC100M MILITARY SERIES 
1-um CMOS GATE ARRAYS 


D-TYPE FLIP-FLOPS 


CHARACTERISTICS TIMING 


REQUIREMENTS 
ELECTRICAL SWITCHING (C; = 0) (CLK to Q) 


DELAY TIME | DELTA DELAY | SETUP | HOLD 
HARDWIRED | MACRO | OUTPUT | CELLS tpLH | tpHL | 4tpLH | AtpHL 
(felock) NAME DRIVE (pF) | (pF) (ns) (ns) | (ns/pF) | (ns/pF) 
VS MRE TYP 211.37] 0.46 | 0.35 
with CLRZ DFB20LJ 2X 12 TYP | 0.12 | 2.06 3 
MAX | 4.65 3.2 1 0.71 
and PREZ 
siecle typ | 1.38 | 1.39] 1.96 | 1.98 
with CLRZ DTBOOLJ 0.5X TYP | 0.07 | 1.9 : 2 
MAX | 3.11 | 3.18] 4.24 4.22 
and PREZ 
170 MHz 
TYP | 1.46] 1.53] 0.88 0.52 
with CLRZ DTB10LJ 1x TYP | 0.07 | 2. 1.9 
and PREZ MAX 3.4 3.5] 1.86 1.06 
193 MHz 
TYP | 1.68] 1.65! 0.42 0.32 
with CLRZ DTB20LJ 2x TYP | 0.07 | 2.6 2.1 
MAX 4 | 3.85 0.9 0.68 
and PREZ 
100 MH TYP | 1.29] 1.33] 1.92 1.86 2 
2 DTCOOLJ | 0.5x 7 |tye }o.07|] 1.8 
with CLRZ MAX | 2.82 | 3.01] 4.18 3.92 
185 MH TYP | 1.44] 1.54] 0.9 0.52 
DTC10LJ 1X typ | 0.07 | 2.1 0.7 
with CLRZ MAX | 3.31 | 3.51 1.86 1.06 
208 MHz TYP | 1.63] 1.64] 0.44 0.32 
DTC20LJ 2x TYP |0.07 | 2.6 1.6 0.7 
with CLRZ MAX | 3.78 | 3.75] 0.94 0.7 
TYP | 1.23 |] 1.26 1.6 1.84 
100 MHz DTNOOLJ 0.5X TYP 10.07 | 1.7 9 
MAX | 2.71 | 2.76] 3.34 3.94 
TYP | 1.32] 1.43] 0.88 0.52 
179 MHz DTN10LJ 1X 7 TYP | 0.07 2 0.7 
MAX | 2.98 | 3.27] 1.84 1.02 
TYP | 1.49] 1.56] 0.44 0.3 
208 MHz DTN20LJ 2x TYP 10.07 | 2.4 0.7 
MAX | 3.47 | 3.53 0.9 0.68 
95 MHz TYP | 1.35] 1.44] 1.58 1.96 
DTPOOLJ 0.5X 7 TYP |0.07 | 1.9 2 
with PREZ MAX | 2.88 | 3.18] 3.36 4.2 
167 MHz TYP | 1.34] 1.55] 0.88 0.52 
DTP10LJ 1x TYP | 0.07 | 2.2 1.6 
with PREZ MAX 3 | 3.47! 1.84 1.04 
200 MHz TYP | 1.53] 1.69] 0.42 0.3 
DTP20LJ 2x TYP 10.07 | 2.5 1.6 
with PREZ MAX | 3.46 | 3.85 0.9 0.64 


FUNCTION 


D-TYPE 
FLIP-FLOPS 


—_ 
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TGC100M MILITARY SERIES 
1-4m CMOS GATE ARRAYS 


D-TYPE FLIP-FLOPS 


FUNCTION CHARACTERISTICS 
SWITCHING (C; = 0) (see Note 9) 
D-TYPE 
FLIP-FLOPS MACRO OUTPUT | CELLS i 
SOFTWARE NAME DRIVE USED 


4-BIT 3-STATE with cLnz | $173LJ 

4-BIT COMP OUTPUTS TYP 
; 5175LJ TYP | MULTI | 9.18 

with CLRZ AX 


TYP 
8-BIT with CLRZ $273LJ 1X 55 TYP | MULTI} 8.03 
MAX 


TYP 
8-BIT with 3-STATE S374LJ MULTI |} 20.3 MAX 


NOTE 9: Specific timing data regarding pulse duration, setup time, and hold time models are incorporated in the engineering workstation 
libraries. These models are for the clocked functions embedded in the software macros. Evaluations of timing requirements made 
during pre-layout simulation, produce workstation output used to identify and resolve each specific timing need. 


DELAY ELEMENTS 


FUNCTION 
DELAY 
ELEMENTS MACRO OUTPUT | CELLS 
HARDWIRED NAME FUNCTION DRIVE USED 


LEVEL LOGIC 
DLDOOLJ 2X 2 
RESTORER DRIVER 


DRIVES 
DELAY 2 ns ONLY 
DLEOOLJ 3 
ELEMENT TYP DELAY] DLDOOLJ 
or DLEOOLJ 


CHARACTERISTICS 


(ns) (ns) (ns/pF) | (ns/pF) 
T¥P 0.59 0.47 0.44 0.49 


TYP 1.58 1.92 2.55 1.24 
MAX | 4.12 | 4.93 5.64 2.85 


TEXAS a 
INSTRUMENTS 


14-54 POST OFFICE BOX 655303 © DALLAS, TEXAS 75265 


TGC100M MILITARY SERIES 
1-um CMOS GATE ARRAYS 


EX-NOR & EX-OR GATES 


FUNCTION CHARACTERISTICS 
SWITCHING (C, = 0) 
| DELAY TIME | DELTA DELAY | 


GATES MACRO 
HARDWIRED NAME 


EX-NOR EN210LJ 


EX-OR 


FUNCTION CHARACTERISTICS 
INPUT 
INPUT THRESHOLD | DELTA DELAY | 
BUFFERS MACRO VOLTAGE i tPLH tPHL RETO AtPHL 
HARDWIRED NAME Me (ns/pF) 


INVERTING 3.79 
2.5 
IPIO1LJ 
NONINVERTING sai 
1.3 1.62 | 1.22 0.26 
IPIO4LJ 
(TTL) 2.54 | 2.97 | 0.42 0.67 


INVERTING 
; 0.9/3.85 2.22 2 a1 0.81 0.92 
with IPIO6LJ 
(CMOS) 2.9 3.22 1.61 1.89 
HYSTERESIS 
NONINVERTING 
t 0.8/2 1.74 2.71 0.24 0.49 
with IPIOSLJ 
(TTL) 2.75 5.81 0.49 0.91 
HYSTERESIS 


0.95 1.13 0.18 0.16 
ae ae ee 
le 0.77 O.17 


2.5 1.15 | 0.82 | 0.19 0.18 
NONINVERTING IPLO1LJ 
rapa (CMOS) 1.83 | 1.53 0.26 
a ag nang 13 1.66 | 1.23 | 0.19 0.26 
(TTL) 2.58 | 2.99 | 0.44 0.67 
NONINVERTING IPUO1LJ mui hae as Ma 
oe etic (CMOS) 1.82 | 1.49 0.25 
ee 1.3 1.68 | 1.29 | 0.19 0.26 
PULL-DOWN IPUO4LJ 
(TTL) 2.61 | 3.17 | 0.42 


TEXAS 4 


INSTRUMENTS 


POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 14-55 


TGC100M MILITARY SERIES 
1-~4m CMOS GATE ARRAYS 


NONINVERTING 3-STATE BIDIRECTIONAL BUFFERS (Part 1 of 3) 


FUNCTION 
NON- | 
OUTPUT CHARACTERISTICS INPUT CHARACTERISTICS 
INVERTING 
3-STATE INPUT 
BIDIREC- THRESH- cane eeers (CL = 0) 
TIONAL OUTPUT OLD | DELTA DELAY | 
BUFFERS | MACRO | CURRENT | VOLTAGE , teu. | 4tpiy ee 
NAME (ns/pF) | ( 


HARDWIRED (ns) |(ns/pF) ns) 
1IO121LJ 
lOl24LJ 
1Ol41LJ 
1IOl44LJ : : . : he 4A 
; . ‘ ; 0. = 
lOlI81LJ ; ; ‘ 
lOI84LJ 
IOK21LJ f : ; ; ; : ; 
IOK24LJ TY : : . : 6 4A 
. ' : ; : t O. a 
with lOK41LJ : ; i 
di/dt 
CONTROL IOK44LJ 
IOK81LJ 
IOK84LJ 


TCMOS threshold measurements are shown. 
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TGC100M MILITARY SERIES 
1-um CMOS GATE ARRAYS 


NONINVERTING 3-STATE BIDIRECTIONAL BUFFERS (Part 2 of 3) 


FUNCTION 
NON- 
INVERTING 
3-STATE INPUT 
BIDIREC- THRESH- LEC SWITCHING (C; = 0) 
TIONAL OUTPUT OLD | DELTA DELAY | /DELAY TIME} DELTA DELAY | 
BUFFERS CURRENT | VOLTAGE i AtpLH | 4tpHL tpHL | 4tptH | AtpHL 
HARDWIRED pF) | (ns/pF) he (ns) | (ns/pF) | (ns/pF) 


IOL21LJ 
IOL24LJ 
with IOL41LJ 
70-pA 
PULL-UP IOL44LJ 
IOL81LJ 
IOL84LJ 
ION21LJ 
ION24LJ 
with 
70-pA 
ION41L 
and ” 
di/dt ION44LJ 
CONTROL 
ION81LJ 
ION84LJ 


TCMOS threshold measurements are shown. 


OUTPUT CHARACTERISTICS INPUT CHARACTERISTICS 


: 
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TGC100M MILITARY SERIES 
1-~m CMOS GATE ARRAYS 


NONINVERTING 3-STATE BIDIRECTIONAL BUFFERS (Part 3 of 3) 


FUNCTION 
NON- 
INVERTING 
3-STATE 
BIDIREC- 


OUTPUT CHARACTERISTICS INPUT CHARACTERISTICS 


SWITCHING (C, = 0) 


INPUT 
THRESH- 


m 


TIONAL OUTPUT OLD DELAY TIME | DELTA DELAY /DELAY TIME} DELTA DELAY | 
BUFFERS CURRENT | VOLTAGE tpLH | tpHL | 4tptH | 4tpHL i | tptH | tpHL | 4tpLH | 4tpHL 
HARDWIRED (mA) (ns) | (ns) |(ns/pF)} (ns/pF) | (pF) = - (ns) me (ns/pF) 


Cj 
re 


4.33] 5.02} 0.16 0.14 1 0.8 7 0.14 
9.13]}10.61| 0.33 | 0.28 1.48 0.26 
4.34 0.1 0.14 4 1.68 | 1.37 | 0.19 0.29 
9.16 0:3 0.28 3.61 | 3.47 |] 0.42 0.72 
1.36 | 0.19 0.26 
4.43 | 0.42 0.73 

Typ | 2.57] 3.58] 0.04 1.15] 0.8] 0.19 | 0.14 

TYP 2 18.2 Tat 
(CMOS) oeeelaleiaaltglatele 


Ee ra 
ons] ve | 
eon] oe 
eel oe | 
om] oo 
ma] oo 
ore [aia 
= 
= 
me: 
= 
Def 


™N 


with 
70-pA 
PULL-DOWN 


1 
8 
TYP =e 3.58] 0.04 | 0.05 1.68 0.19 0.26 
Ful 

Paar ea ea 

TV¥P a oo 0.16 | 0.15 3 0.14 

Al 

0.19 0.29 
0.42 0,72 


5 ee 
0.8 
3.51 
2. TYP 4.13] 6.73] 0.08 0.09 1.16 0.8 ee 0.14 
La? 


with 
70-pA lOW41LJ 
PULL-DOWN 


and di/dt 
CONTROL 


sve 10.23 117.7 | TYP | 4:13] 6-73] 0.08 | 0.09 |, ,,| 1.68 0.19 | 0.29 
ae “| MAX | 9.24]14.66] 0.17 | 0.18 [°° ~| 2.61 |3.46| 0.42 | 0.72 
2.5 TyP | 4.18] 6.81] 0.05 | 0.07 1.16 0.19 | 0.14 
7.1 
sini oo rom] na] ee ee 1 a ea 
typ | 4.18] 6.8 0.07 1.68 11.33] 0.19 | 0.29 
7.1 
iiaiiaced het rre[ozs] wf ne [a 15.35 Ra Raa Bl 3.35 


TCMOS threshold measurements are shown. 
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TGC100M MILITARY SERIES 
1-~m CMOS GATE ARRAYS 


INVERTERS 


FUNCTION CHARACTERISTICS 
NUMBER DELAY TIME DELTA DELAY 
INVERTERS OF OUTPUT | CELLS Cj Cod tpLH | tpHL | AtpLH | AtpHL 
HARDWIRED INPUTS DRIVE USED (pF) (pF) (ns) (ns) | (ns/pF) | (ns/pF) 
T¥P 0.26 | 0.28 0.86 0.5 
IV110LJ 1X 1 TYP | 0.07 | 0.21 
MAX | 0.35 | 0.41 1.86 0.92 
TYP 0.24 | 0.19 0.44 0.32 
INVERTERS IV120LJ 1 2X 1 TYP | 0.15 
MAX | 0.34 | 0.39 0.9 0.46 
TTF 0.2 | 0.13 0.26 0.22 
iV140LJ 1 4X 2 TYP | 0.31 
MAX | 0.35 3 0.44 0.32 


0.39 , 
A 
IV211LJ TP 0.45 | 0.43 0.96 0.64 
2 1X 2 TYP |} 0.08 | 0.38 
A to Y MAX | 0.82 | 0.72 2.08 1.38 
3-STATE TYP 0.38 | 0.33 0.36 0.31 
2 2X 4 TYP | 0.23 | 0.96 
INVERTERS MA 0.66 | 0.61 0.75 0.61 
TY 
_ = A 


X 
Ax P 0.33 | 0.29 0.26 0.25 
MAX | 0.56 | 0.54 0.56 0.53 


J-K-TYPE FLIP-FLOPS 


FUNCTION 
CHARACTERISTICS TIMING 
_ REQUIREMENTS 
JK SWITCHING (C, = 0) (CLK to Q) 
OUTPUT | CELLS 
DRIVE USED 


FLIP-FLOPS DELAY TIME | DELTA DELAY | SETUP |} HOLD 


HARDWIRED | MACRO tpHL | 4tpLH | AtpHL 
(folock) NAME (ns) | (ns/pF) 


135 MHz 

with CLRZ | JKB20LJ 2X 12 
and PREZ 

135 MHz JKB21LJ 

with CLRZ |(NEG EDGE 2X 12 TYP 10.08} 3.2 
and PREZ CLOCK) 
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TGC100M MILITARY SERIES 
1-um CMOS GATE ARRAYS 


FUNCTION 
WIDTH 
MACRO OUTPUT | CELLS 
LATCHES NAME SIZE DRIVE USED 


LAB20LJ 1-BIT arae 

LAH12LJ 1-BiT x 

LAH13LJ 1-BIT x 

LAH14LJ 1-BIT pox fo 
HARDWIRED 

LAH20LJ 1-BIT Ea 

LAH22LJ 1-BIT ce 
SOFTWARE 

S375LJ 4-BITS ete 


CHARACTERISTICS 
SWITCHING (C; = 0) (see Note 9) 
DELAY | DELAY TIME | DELTA DELAY 


ee) (ns) (ns/pF) ee 
0.68 0.44 
Laz 1.43 0.97 0.64 


0.07 1.48 1.14 0.97 0.64 
0.15 MAX | 2.41 2.18 2.07 


1.13 0.97 | 0.64 

1.31 | 1.48 | 0.44 
ET SIeIE TS 
0.98 | 0.48 | 0.38 
1.35 | 1.51 | 1.59 | 1.85 


Dn, C} 0.07 0.96 0.64 
10.06 
OCZ MAX 2.08 


0.44 0.32 
0.46 


NOTE 9: Specific timing data regarding pulse duration, setup time and hold time models are incorporated in the engineering workstation 
libraries. These models are for the clocked functions embedded inthe software macros. Evaluations of timing requirements made 
during pre-layout simulation, produce workstation output used to identify and resolve each specific timing need. 
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TGC100M MILITARY SERIES 
1-~m CMOS GATE ARRAYS 


MULTIPLEXERS 


CHARACTERISTICS 
DELAY TIME DELTA DELAY 
MACRO OUTPUT |; CELLS Cj Cod tpLH | tpHL | 4StpLH | AtpHL 
NAME DRIVE USED (pF) (pF) (ns) (ns) (ns/pF) | (ns/pF) 


T¥P 0.62 0.81 0.89 0.57 

MU111LJ 2-TO-1 1X 3 TYP |MULTI} 0.68 
MAX 1.44 2.06 1.86 1.2 
TYP 0.96 1.12 0.47 0.48 

HARDWIRED MU220LJ 4-TO-1 1X 7 TYP | MULTI 1.4 
MAX 2.03 2.54 1.02 123 
TYP 1.29 1.52 0.91 0.88 

MU311LJ 8-TO-1 1X 13 TYP | MULTI] 1.32 
MAX 2.83 3.57 1.96 1.98 
TYP 4 0.44 0.32 

$150LJ 16-TO-1 2X 122 TYP | MULTI | 25.97 
MAX 8 0) 0.46 

4 


FUNCTION 


MULTIPLEXERS 


ES 4.5 
9 9.8 as) 
S151LJ 8-TO-1 2X TYP |MULTI] 7.82 Lai an ae ll ante 
SarTWARE ; MAX 72 7.4 0.9 0.46 
DUAL TYP 2.4 2.2 0.88 1.27 
S153LJ 1X 26 TYP | 0.07 | 5.24 | 
4:TO-1 | MAX 4 4.3 1.88 2.98 
QUAD TYP 2.5 2.4 0.87 0.72 
S157LJ 1X 18 TYP | MULTI] 4.98 

270-1 MAX 1.5 4.3 1.86 1.6 
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TGC100M MILITARY SERIES 
1-4m CMOS GATE ARRAYS 


NAND GATES 


FUNCTION CHARACTERISTICS 
NUMBER DELAY TIME DELTA DELAY 
GATES OF OUTPUT | CELLS tpLH | tpHL | 4tpLH | AtpHL 
HARDWIRED INPUTS DRIVE USED (ns) (ns) | (ns/pF) | (ns/pF) 


TF 0.3 | 0.33 0.87 0.72 

NA210LJ 2 1X TYP { @.07 
MAX | 0.54 | 0.49 1.8 1.6 
0.29 | 0.28 0.43 0.39 

NA220LJ 2 2X 2 TYP ; : 
0.47 0.92 0.8 
me 


NA310LJ 3 1X 2 typ | 0.07 0.4 0.88 0.99 
0.78 | 1.86 2.28 
0.89 0.99 

NA311LJ 3 1X 2 TYP | 0.07 
1.86 2.98 
0.68 | 0.94 1.14 
; 0.46 | 0.88 1:27 

NA410LJ . 

1.05 | 1.88 2.98 
0.44 | 0.44 0.64 

NA420LJ 
1.01 | 0.96 1.54 
NA510LJ 0.61 0.88 1.56 
, 4 1.6 1.9 3.66 


NA520LJ 


1.26 | 0.88 
3.04 | 1.86 
typ | 0.9 | 1.36 | 0.44 | 0.37 
TYP | 0.07 | 1.7 
ha 2.15 3.34 0.94 
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TGC100M MILITARY SERIES 
1-4m CMOS GATE ARRAYS 


NOR GATES 


FUNCTION CHARACTERISTICS 
DELAY TIME DELTA DELAY 
GATES OUTPUT | CELLS i tpLH | tpHL | A4tpLH | AtpHL 
HARDWIRED DRIVE USED (ns) (ns) (ns/pF) | (ns/pF) 
TYP 1.67 0.5 
NO210LJ 1X 1 
MAX 3.7 0.94 
0.82 0.32 
NO220LJ 2 2X 2 ' 
1.86 0.49 
0.57 2.48 0.49 
0.21 
1.58 5.56 0.98 
1.23 0.31 
, 2.8 0.51 
3.31 0.5 
NO410LJ 4 1X 4 TYP : i! 
7.4 1.01 
1.02 | 0.74 0.45 0.3 
NO420LJ 4 2X 4 TYP . Ti2 
Z.at 1.75 0.94 0.64 
NO510LJ — “ 
, 1.82 1 
0.45 0.3 
1.8 0.95 0.64 
1.63 | 0.75 0.89 0.49 
4.66 | 1.69 1.86 1 
; 0.81 0.45 0.3 
1.84 0.96 0.62 


FUNCTION 
DELAY TIME DELTA DELAY 
GATES OUTPUT | CELLS i tpLH | tpHL | 4tpLH | StpHL 
HARDWIRED DRIVE USED (ns) (ns) | (ns/pF) | (ns/pF) 

ee sacs P vP 0.67 lel 0.44 0.41 

; AX | 1.37 | 2.62 | 0.96 | 0.85 

¥P 0.46 | 0.48 1.69 
OA231LJ 3 . 
0.77 3.73 a 
OR-NAND 


1 
3 
0.88 | 0.97 1 PP 1,20 
OA241LJ , 
2.74 | 2.63 3.7 3 
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TGC100M MILITARY SERIES 
1-~m CMOS GATE ARRAYS 


NONINVERTING TOTEM-POLE OUTPUT BUFFERS (Part 1 of 3) 


FUNCTION 
NON- 
INVERTING 
TOTEM-POLE 
OUTPUT 
BUFFERS 
HARDWIRED 


OUTPUT CHARACTERISTICS 


OUTPUT 
CURRENT 
SOURCE/SINK Cj 
NAME (mA) (pF) (pF) 


roves [vas [ow [om | a 
rome [ass ow [ow 
[esse [ee Poe [om 
Fon [ wae [ow [os 

Ec 


| DELAY TIME | TIME DELTA DELAY 
(ns) (ns) (ps/pF) (ps/pF) 
3.91 4.01 160 140 
2] vax |e | os | s20_ | a0 
fax |“ | “er 
1.63 1.86 
[iinx | 328 | sae | 
1.56 1.76 
8 | ax | sae | a7 |e 
1.56 1.78 
129 wax | 3a | ame |e 
157 
fae ae 


OPIHOLJ 10.2/10.2 


OPIJOLJ TWOe2/ TF 
OPK20LJ 1.6/1.6 
OPK40LJ 3.4/3.4 


4.63 6.53 
9.83 13.41 
opxao.y | 6.86.8 ro [= 


3.47 

3.38 5.23 
3.73 5.66 
3.72 5.24 
3.73 6.24 


with di/dt 
CONTROL 


160 
160 
170 
100 
OPKAOLJ 10.2/13.6 
OPKHOLJ 10.2/10.2 


OPKJOLJ 10.2/17 


TCMOS threshold measurements are shown. 


ao] 
a 
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TGC100M MILITARY SERIES 
1-~m CMOS GATE ARRAYS 


NONINVERTING 3-STATE OUTPUT BUFFERS (Part 2 of 3) 


FUNCTION 
NON- OUTPUT CHARACTERISTICS 
INVERTING 
3-STATE 


OUTPUT ouTPUT Ta | ae] 
HARDWIRED (pF) (pF) (pF) (ns) (ns) (ps/pF) | (ps/pF) 
eae 
0.23 0.18 7.34 

MAX 8.71 10.39 320 280 

TYP 2.81 3.77 80 7O 

TYP 2.52 3.53 40 50 
TYP 5.06 7.74 160 150 

16.38 
TYP 4.04 6.66 80 90 
TYP 4.12 6.75 50 70 


with di/dt 
CONTROL 


Cj 


joe | 101 | 
pore | 756 
fore | 9.08 


T CMOS threshold measurements are shown. 
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TGC100M MILITARY SERIES 
1-um CMOS GATE ARRAYS 


NONINVERTING OPEN-DRAIN OUTPUT BUFFERS (Part 3 of 3) 


FUNCTION 
NON- OUTPUT CHARACTERISTICS 
INVERTING 
OPEN-DRAIN 


OUTPUT OUTPUT DELAY TIME DELTA DELAY 
BUFFERS CURRENT AtpZL AtpZH 
HARDWIRED (ps/pF) (ps/pF) 


N-CHANNEL 
(SINK 


CURRENT) 
| typ | 0.22 ) 1.09 
N-CHANNEL OPK21LJ TYP ona 0.53 
wile iid 


CONTROL OPK41LJ t¥F 0.23 0.76 
(SINK 


CURRENT) OPK81LJ T¥P 0.23 


P-CHANNEL 
CURRENT) 


OPI84LJ 


P-CHANNEL 

with di/dt 

CONTROL 

(SOURCE 

CURRENT) 0.23 


T CMOS threshold measurements are shown. 
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TGC100M MILITARY SERIES 
1-u4m CMOS GATE ARRAYS 


OR GATES 


FUNCTION CHARACTERISTICS 


DELAY | DELAY TIME | DELTA DELAY 


GATES i ee tpHL | 4tpLH | AtPHL 
HARDWIRED (ns) (ns) (ns/pF) | (ns/pF) 


0.39 0.71 0.88 0.55 
0.83 1.86 
4 
OR220LJ 0.46 0.82 0.44 
1.88 0.94 
0.88 
1.89 
0.44 
oule 0.96 
1.34 
OR410LJ 7 
3.78 1.91 
0.51 1.53 0.45 
0.97 4.38 0.97 
0.97 
OR510LJ ‘ ee 
1.04 2.74 1.88 
1.43 0.89 
OR810LJ 
4.22 1.91 


1.12 
OSCILLATORS 


0.36 

FUNCTION CHARACTERISTICS 
FREQUENCY | DELTA DELAY | 
OSCILLATORS | MACRO RANGE PACKAGE Cont | Grad eet tpHL | 4tpLy EAHA 
HARDWIRED NAME (MHz) PINS bi (pF) | (pF) (ns) | (ns) | (ps/pF) | (ps/pF) 


0.76 
0.64 
1.34 
0.42 
THIRD 2.52 | 2.33 | 160 160 
OSI11LU | 55 to 75 3.79 | 6.92 
OVERTONE MAX | 4.56 | 4.46 | 390 
THIRD TYP | 2.37 | 2.19 | 170 180 
OSI12LU | 35 to 55 yp | 3.79 | 6.89 | 10.3 
OVERTONE MAX | 4.34 | 4.17 | 400 
THIRD TYP | 2.29 | 2.13 | 180 180 
OSI13LU | 20 to 35 3.79 | 6.98 | 10.2 
OVERTONE MAX | 4.22 | 4.06 | 410 
2.27 | 2.11 | 190 190 
FUNDAMENTAL | OSI14LJ 1 to 20 YP | 3.79 10.1 
MAX | 4.2 | 4.04 | 410 


0.91 
T CMOS output delay times are shown. 


0.72 
1.54 
0.49 
1.07 
0.79 
Ure 

0.9 
2.12 
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TGC100M MILITARY SERIES 


1-um CMOS GATE ARRAYS 
FUNCTION TIMING 
CHARACTERISTICS 
REQUIREMENTS 
SWITCHING (C, = 0) (CLK TO Q) | SETUP} HOLD 
REGISTER/ DELAY TIME |DELTA DELAY | (MIN) | (MIN) 
FLIP-FLOPS MACRO OUTPUT | CELLS Cj Cod tpLH | tpHL | 4tpLH | 4tpHL 
HARDWIRED NAME DRIVE | USED (pF) | (pF) (ns) | (ns) |(ns/pF)| (ns/pF) 
4-BIT, SER TYP | 1.39 | 1.59 | 0.89 | 0.51 
R2401LJ | 135 MHz 1X 26 |TYP|MULTI| 6.4 
iN, CLRZ MAX | 3.04] 3.5] 1.88 | 1.05 
4-BIT, SER IN, 
1.53 | 1.68 | 0.89 | 0.56 
CLRZ, R2402LJ | 135 MHz TYP | MULTI 
MAX | 3.37 | 3.74] 1.9 | 1.13 
COMP. OUT. 
j TYP | 1.25 | 1.58 | 0.89 | 0.51 
R2403LJ | 135 MHz 1x 27. | TYP |MULTI 2 
MAX | 2.69 | 3.49 | 1.86 | 1.03 
4-BIT, SRL/PAR 
suhbint R2404LJ | 135 MH TYP | MULTI bee {hae | RES || ee 
Z 
TRUE/COMP MAX | 2.71 | 3.51 | 1.86 | 1.04 
OUTPUTS 
4-BIT TYP | 1.42 | 1.63 | 0.89 | 0.51 
asos.s 135 Mie Mie] 1x | 26 |rve MULTI | 7.02 
with CLRZ MAX | 3.12 | 3.64 | 1.87 | 1.05 


4-BIT with en 
1.36 | 1.68 0.9 | 0.52 
TRUE/COMP R2406LJ | 135 MHz TYP | MULTI | 8.17 
MAX | 2.99 3.8 | 1.88 | 1.07 
OUTPUTS 


REGISTER FILES (see Note 10) 


CHARACTERISTICS TIMING 
REQUIREMENTS 
WRITE | ADDR. | ENABLE| DELTA 
CYCLE | ACC. 
OUTPUT | CELLS ten | Ata 
)| DRIVE | USED (ns/pF) ex 


( 
—| im 
RF400LJ p1exe 418 | TYP 48 
MAX 
TYP 
RF402LJ| 16X9 462 | TYP 53 
MAX 


NOTE 10: RF400OLJ and RF402LJ are for use on TGC112M, TGC115M, or TGC118M gate arrays only. 


REGISTERS 


FUNCTION 


3-PORT 
REGISTER 


1 WRITE, 
2 READ 
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TGC100M MILITARY SERIES 
1-4m CMOS GATE ARRAYS 


SCAN FLIP-FLOPS/LATCHES 


FUNCTION CHARACTERISTICS TIMING 
D-TYPE SWITCHING (Cy = 0) (CLK to Q) REQUIREMENTS 
LATCHES, SETUP | HOLD 
DELAY TIME | DELTA DELAY 
2-PHASE SRL, OPER. (MIN) (MIN) 
WITH SCAN | MACRO | FREQ. | OUTPUT| CELLS Cj Cod tpLH | tpHL | 4tpLH | AtpHL 
HARDWIRED | NAME fopr DRIVE | USED (pF) | (pF) (ns) (ns) | (ns/pF) | (ns/pF) 
with R, S, TYP | 1.83 2.1 | 0.89 | 0.49 4 ) 
TDB1OLJ| 90 MHz 1X TYP| MULTI] 4.6 
CLRZ MAX] 4.04 | 4.64 | 1.86 1 USE CK120LJ 


TYP | 2.17 | 2.25 | 0.87 | 0.48 3 0 
with CLR TDC11LJ| 100 MHz 1X TYP} MULTI | 3.99 
MAX; 4.91 | 5.15 | 1.81 0.99 USE CK120LJ 
TYP | 1.62 | 1.97 | 0.89 3 0 
TDN11LJ} 100 MHz 1X TYP| MULTI] 2.2 
MAX] 3.47 | 4.42 | 1.85 USE CK120LJ 
TYP] 1.22 | 1.54 | 0.88 | 0.53 3 0) 
TDN12LJ} 100 MHz 1X TYP | MULTI | 3.69 
MAX| 2.59 | 3.31 1.85 1.06 USE CK120LJ 
with D-SLAVE TYP |} 1.25 | 1.61 0.88 | 0.54 3 1) 
TDN13LJ} 100 MHz 1X 12 | TYP} MULTI 4 
INPUT MAX] 2.65 | 3.46 | 1.86 1.09 USE CK120LJ 
TYP | 1.37 | 1.68 | 0.43 | 0.32 3 ) 
TDN22LJ{| 83 MHz 2X TYP} MULTI 
MAX} 2.95 | 3.71 0.92 | 0.68 USE CK120LJ 
SHIFT REGISTERS 


FUNCTION CHARACTERISTICS 
SWITCHING (C, = 0) (see Note 9) 


SHIFT 


REGISTERS i AtPHL 
SOFTWARE (ns/pF) 


SIPO 0.44 | 0.32 
with CLRZ 0.89 
PISO 
with CLKINH 0.71 


PIPO 
BIDIRECTIONAL , 
with CLRZ 


NOTE 9: Specific timing data regarding pulse duration, setup time, and hold time models are incorporated in the engineering workstation 
libraries. These models are for the clocked functions embedded in the software macros. Evaluations of timing requirements made 
during pre-layout simulation, produce workstation output used to identify and resolve each specific timing need. 
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TGC100M MILITARY SERIES 
1-4m CMOS GATE ARRAYS 


TOGGLE FLIP-FLOPS 


FUNCTION CHARACTERISTICS 

TOGGLE SWITCHING (C; = 0) (CLK TO Q) 
FLIP-FLOPS DELAY TIME DELTA DELAY 
(felock) MACRO OUTPUT | CELLS Cj Cod tpLH | tpHL | 4tpLH | AtpHL 
HARDWIRED NAME DRIVE USED (pF) (pF) (ns) (ns) (ns/pF) | (ns/pF) 
131 MHz and CLRZ T¥P 1 Pe 1.08 0.48 0.44 

TAB20LJ 2X TYP 0.2 3 

and PREZ MAX 2.21 2.49 1.06 0.92 


TIE-OFF CELL FOR UNUSED INPUTS 


FUNCTION 
TIEOFF FOR 

UNUSED 

INPUTS MACRO OUTPUT | CELLS Cj Cod 
HARDWIRED NAME DRIVE USED (pF) (pF) 
HI/LO with ESD TYP 

TOO10LJ 1X 2 TvP NIL 

PROTECTION MAX 


BUS HOLDER 


CHARACTERISTICS 


DELAY TIME DELTA DELAY 


tPLH | tPHL | 4tPLH 
(ns) (ns) (ns/pF) 


FUNCTION 


CHARACTERISTICS 
DELAY TIME DELTA DELAY 
BUS HOLDER MACRO OUTPUT | CELLS Cj Cod tpLH | tpHL | AtpLH | AtpHL 
HARDWIRED NAME DRIVE USED (pF) (pF) (ns) (ns) | (ns/pF) | (ns/pF) 


TYP 


I, COO OO OOS 
ea hs Sk aS a ae 
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TSC500 SERIES 
1-um CMOS STANDARD CELLS 


RELEASE 1.2, APRIL 1989 


e@ High-Performance, 1-um EPIC™’ CMOS BOND PAD COMPILER RAM 
Efficiently Achieves System-Level \ MSI FUNCTION 
Designs 


@ TSC500 Library Includes Macros for 
— Static RAMs, Register Files 
— First-In First-Out Memories 
- Oscillators 


@ TSC500 Library Supports Designs Using: 
—- Application Toolkit Products 
- MegaModule™ Design Kits 


@ TSC500 1-um EPIC CMOS Process 
Features: 

— Double-Level Metal, Silicided Poly + val leremttt: 
Typical Gate Delay 490 ps (FO = 3) ok et A 

Flip-Flop Toggle Rates Up to 185 MHz oy AUOUUoTOO OY potbttd— 


— ESD and Latch-Up Protected I/Os LOGIC GATES (CELLS) COMPILER FIFO 
— Outputs with Up to 64-mA Sink Current 
— di/dt-Controlled or Full-Speed Buffers FIGURE 1. TYPICAL TSC500 SERIES 


e Extensive Design Support Including: CUSTOM DESIGN 


— TI Regional ASIC Design Centers 
— Design Libraries compatible with Daisy and Mentor CAE Systems 
—- Design Kits Available for Daisy and Mentor Engineering Workstations 


technology description 


The Texas Instruments TSC500 Series CMOS Standard Cell library comprises productivity- 
enhanced engineering workstation Support software for the design of custom ICs to be 
fabricated with Tl’s 1-um EPIC CMOS process and assembled in high-density, industry-standard 
packages. The advanced silicon-gate process features two levels of copper-doped-aluminum 
metallization to achieve increased performance and densities that support system-level inte- 
gration. Silicided gate, source, and drain elements reduce resistance and enhance performance. 


library description 


The TSC500 Series Standard Cell library includes gate, buffer, MSIi-level, and memory 
functions. Within the 452 cells, macros, and memories offered, 402 are hardwired and 50 are 
software macros. The hardwired macros provide a broad selection of fully characterized cells. 
The software macros provide popular TTL/CMOS-type MSI functions that can be used 


CONTENTS CONTENTS CONTENTS 
CELL NAME .sacaeae = iW SELECTION, «6 see a - MEMORIES si kave ae sea ee oe 

DESIGN FLOW au «wea 14-72 | I/O TERMINATORS .... 14-84 | OUTPUT SELECTION ......... 14-82 
Cit CONTROL. « «6% «s 14-80 | LIBRARY INDEX...... 14-84 | PACKAGE SELECTION ........ 14-75 
INPUT SELECTION ....14-79 | LIBRARY SUMMARY .. 14-84 | RECOMMENDED CONDITIONS. ..14-74 


EPIC is a trademark of Texas Instruments Incorporated. 
MegaModule is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA _ documents’ contain 3 Copyright © 1989, Texas Instruments Incorporated 
information current as of publication date. 

Products conform to specifications per the Te 

terms of Texas’ Instruments’ standard 

warranty. Production processing does not INSTRUMENTS 
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TSC500 SERIES 
1-um CMOS STANDARD CELLS 


as designed or modified at your workstation to suit your design requirements. Additional user- 
defined software macros can be created using the TSC500 libraries to further enhance EWS 
productivity. Library release 1.2 contains the following classes of cells and macros: 


@ 22 Hardwired MegaModule Memory Cells and 50 MSI Software Macros 
® 66 Register, Scan FFs/Latches, Delay Elements, and Oscillator Cells 
@ 148 Gate, Bus Buffers, and Macro Building Blocks 

e 166 External Input, Output, and Bidirectional Buffer Cells 


A complete TSC500 Series Design Kit, in development for applicable workstations, includes 
the following: 


e 7SC500 Series 1-um CMOS Standard Cell Data Manual 
@ CMOS Standard Cell Design Manual 

@ Design Support Software User's Manual 

@ TSC500 Series Design Library 


The design kit is arranged to accommodate revised material as it is issued. 

design flow 
Custom functions designed using an engineering workstation in conjunction with Tl’s TSC500 
Series Standard Cell library can be simulated and verified prior to creating the design 
database files. The database files generated are used to create tooling for the fabrication and 
the test programs for acceptance of the user-defined custom IC. A detailed design flow 
diagram is presented in Figure 2. 


absolute maximum ratings over operating free—air temperature ranget 


SAIDOlY VONAGE FANDG, VOT occ eck ei se siecme ee hoes t ae ee eee seen ana -0.5V to7V 
GUT VOICE TANG. Vi kg eck ces bra eee KOH E 0 hOEEK SHEE S RES RE THOSE -0.5V to7V 
QUIDUL VONAOG ANG, V6p ac bac cede eee dete cee ene ene Kae ee ewe es -0.5V to7V 
Input clamp current#, IK (Vj) < OOr Vi > Voc)... eee eee eee eens +20 mA 

- Output clamp current8, IoxK (Vo <OOrVo > VCC)... cece eee eee eee eee eees +20 mA 
Continuous output current8, (Vo =O to VCC)... eee eee eee eee tees +25 mA 
Operating free-air temperature range: Military (M suffix) ............... -55°C to 150°C 
Commercial (No suffix) .............. O°C to 70°C 

Storage temperature range .. 1... et ew eee wt ew ee ee ne -—65°C to 150°C 


t Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are 
stress ratings only and operation of the device at or beyond the conditions indicated in the “Recommended Operating 
Conditions” section of this specification is not implied. Exposure to absolute maximum rated conditions for extended periods 
may affect device reliability. 

$ Applies for external input and bidirectional buffers. 

§ Applies for external bidirectional and output buffers. 
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Lhe 


SPECIFYING 
THE DESIGN 


Y TIMI 
g 
ag, 
a 


PHASE 0 


B 
G ing ma OR UY 
Ci yy 
Wee ZW, Y 


CUSTOM DESIGN DATA BASE j 


GY HARDWARE 
DESCRIPTION 


LANGUAGE 


CREATING THE 
DESIGN DATA 
BASE 


PHASE 1 


TEST 


DESCRIPTION 
LANGUAGE Vz 


G 
G DESIGN 
SPECIFICATION 


N 


2 
V/, 
POST LAYOUT 


GENERATING THE SIMULATION (V3 
a 


CHIP LAYOUT 
PHASE 2 


S 
DESIGN & SCHEMATIC INTERNAL 
VERIFICATION CELL STRUCTURE 
: Enel 


TOOLING 
DATA BASE 
PATTERN TEST PROGRAM 
GENERATION GENERATION 
S 
PHOTOMASK 
TOOLING 
B 
WAFER 
PROCESSING 
@. 
PROBE TEST 


PROTOTYPE 


ASSEMBLY & SHIPMENT OF 
TEST cases “A” PROTOTYPES 


~ 
SHIPMENT OF 
CHARACTERIZATION [7 en nia nieaee 
AND DATALOG 
—_ 
VOLUME 
PRODUCTION 


YY CUSTOMER SPECIFIES RESOURCES FOR THESE TASKS: 
IN-HOUSE OR Ti AUTHORIZED DESIGN CENTER 


PRODUCTION 
DESIGN 
SPECIFICATION 


CHIP FABRICATION 
AND TESTING 


PHASE 3 


FIGURE 2. TSCS500 SERIES DESIGN FLOW OVERVIEW 
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TSC500 SERIES 
1-um CMOS STANDARD CELLS 


recommended operating conditions 


VCC Supply voltage 4.5 5 5.5 


CMOS-compatible inputs 0.7VCC 
ViH High-level input voltaget a V 
TTL-compatible inputs 2 
CMOS-compatible inputs 0.2VCC V 
VIL Low-level input voltage —— 
TTL-compatible inputs 


V\ Input voltaget # 
Vrs Positive-going CMOS-compatible inputs 0.7VCC y 
threshold voltage# TTL-compatible inputs 2 
VT Negative-going CMOS-compatible inputs 0.2VCC 
threshold voltage# TTL-compatible inputs 


Vh Hysteresis# CMOS-compatible inputs 17 ; 
YS (VT+ ~ VT-) TTL-compatible inputs 0.4 
VO Output voltage$ 
IOH High-level output current feu apieuintad- en , 
lOL_ Low-level output current8 individual data sheets 


tt Input transition rise and fall time ()t 25 Fons | 


A 
Military (M suffix) a2 3 125 

TA Operating temperature range : °C 
Commercial (No suffix) 0 70 


t Applies for external input and bidirectional buffers without hysteresis. 
Applies for external input buffers with hysteresis. 
Applies for external bidirectional and output buffers. 


f 
< 
© 
@) 


< 


< 
QO 
OQ 


| 


recommended package selection 


The following classes of conventional through-hole and surface-mount packages are recom- 


mended for ASIC designs: 


Dual-in-line (DIP), ceramic (J) and plastic (N) 

Plastic Leaded chip carrier (PLCC), plastic (FN) 

Leadless chip carrier (LCC), ceramic (Fk) 

Pin-grid-array (PGA), plastic (GP), and ceramic (GB) 

Quad flatpack (QFP), JEDEC plastic (PQ), EIAJ plastic (PB,PC,PJ), and ceramic (HQ). 


Tables 1 and 2 list package options which satisfy a wide range of ASIC applications. TI will 


consider package requirements other than those listed. 
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TSC500 SERIES 
1-um CMOS STANDARD CELLS 


TABLE 1. ASIC PACKAGES 


DUAL-IN-LINE CHIP CARRIER PIN-GRIDARRAY QUAD FLATPACKS 
(DIP) (CC) (PGA) (QFP) 


Plastic | Ceramic 
(PLCC) (LCC) 


Ceramic 


EIAJ 
PB, PC, PJ 


JEDEC 


C C 
C 

C 
C 


C 
C 


a 
63 


C = Commercial, M = Military 


PACKAGE PIN eee ee ze PIN 
DESIGNATOR DISTRIBUTION | Length | Width =| Height — SPACING 


a 30, 30, 30, 30 28 mm 0.8 mm 


PC 40, 40, 40, 40 0.65 mm 
100 | 30, 30, 20, 20 0.65 mm 
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TSC500 SERIES 
1-1um CMOS STANDARD CELLS 


cell name prefixes and codes 


Table 3 lists the prefixes used to name standard cells. Each standard cell is further coded, as 
in the example below, using the data in Table 4. 


EXAMPLE —————> AN 2 1 0 LJ 


FUNCTION PREFIX = LJ = 1-pm CMOS 
(AN = AND gate. See Table 3) 
AOs, BFs, BU2s, Ds, Gs, IOs, IV2s, JKs, IOs, IPs, and OPs) 
LAs, MUs, OPs, PDs, PRs, Rs, Ss 
and Ts. See Table 3) DRIVE LEVEL (1X) (Except 


lOs, IPs, and OPs) 


TABLE 3. INDEX TO MACRO FUNCTION PREFIXES 


A «vt obeaedeeene Sonwed dee AND Gates C1) gtncaneeasosaee teens Multiplexers 
Pt pawaavr ad 269 ERED SEES AND-OR Gates Fie wea cacekeehiniwevans NAND Gates 
BF .. Multi-Stage AND, NAND, NOR, OR Gates Se eee ee ee eee NOR Gates 
i: Se eee Clock Generator/Drivers CRedaevidaress3 OR-AND, OR-NAND Gates 
EAS sh cheakenhven cee se cee seve Buffers OP 6cetvavhenwktesboen kes Output Buffers 
Oe i wlrée ew oe ee Se Decoders/Demultiplexers soa ck oboe ede e kee eeuee ee OR Gates 
CRI eckeenwew esau eawes Flip-Flops, D-Type ee chk sek ba eene eater ews Oscillators 
OM ge aaee edu ivan ees Exclusive-NOR Gates POYPA oa a0 4 Pull-down;Pull-up Terminators 
ED. «thes sed eaeeevesans Exclusive-OR Gates Me Ana e eee ede ee eae eee ee Registers 
Pl nsoru oa oes First-In First-Out Memories DP 60604 wi Vkeawedata Bees Register Files 
Ne bad nen ee 66 6b oe Bidirectional I/O Buffers Files eek SSG RES Random Access Memories 
DP 2646668 0ee 206k HE RARE AS Input Buffers S oy abk es beb ees seem be Software Macros 
 Apyeuakeeeeh tan see ee ba anew Inverters TA. wea eo awa eee Flip-Flops, Toggle Type 
| ee ee ee Flip-Flops, J-K Type 1 heeeb nana cae eawer eds Scan Flip-Flops 
ibie wanebbawaen Latches, D-Type and S-R Te canaes High- and Low- Level Tie-Off Gate 
i Pore rrr. Seer ee ee ee eee ee ee Latches Wedatscasonedaseen Testability Functions 

4p 
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TABLE 4. CODING DEFINITIONS FOR FUNCTION PREFIXES 


AOs (3rd and 4th characters): lOs and OPs (4th character, cont'd): 
22 = 2-wide, 2-inputs 10/10 mA sink/source Current 
24 = 2-wide, 4-inputs 2/2 mA sink/source Current 

4/4 mA sink/source current 

BFs, Gs, and TOs (3rd, 4th, and 5th characters): 6/6 mA sink/source current 

Three digit numerical sequence 


lOs and IPs (5th character): 
BUs and IVs (3rd character): 


OLhNMO 
Hou wu 


1 = CMOS input 
2 = 3-State output 4 = TTL input 
: 7 = CMOS input with hysteresis 
Ds, JKs, LAs, and TAs (3rd character): 9 = TTL input with hysteresis 
B = Both preset and clear inputs 
C = Clear input LA (3rd character): 
P = Preset input H = High enable 
N = Neither preset nor clear input L = Low enable 
DEs and MUs (3rd character): OPs (5th character): 
1 = 1 select line (2-wide) 0 = Totem Pole 
2 = 2 select lines (4-wide) 1 = N-channel open drain 
3 = 3 select lines (8-wide) 3 = 3-state 
l1Os and OPs (8rd character): PDs and PRs (3rd, 4th, 5th characters): 
H = 10 or OP with 1/8 speed 005 = 5-wA typical current 
| = 10 or OP with full speed 095 = 95-pA typical current 
X Tibor opiwit 1/4 soeed 250 ~ 250-HA typical current 
400 = 450-pA typical current 


lOs and OPs (4th character): 
‘ohne eineisounss manent Rs and Ss (2nd, 3rd, 4th, 5th characters): 


24/16-mA sink/source current Three or four digit numerical sequence 


48/16-mA sink/source current 
64/16-mA sink/source current 


QMO > 
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static random—access memories 
SRAM SELECTION GUIDE 


The TSC500 Series includes 12 versions of WRITE | READ CELL 
hardwired static RAMs. Full parallel access is te(w) ta(A) | ORGANIZATION | Wane 
provided with data inputs, data outputs, and (ns) (ns) 

separate write or memory enables. When the 
memory is disabled it is powered down. 
Access time and write-cycle time is the same 
from either the powered-up or powered-down 
states. The SRAM cells incorporate built-in 
testability circuits to accommodate parallel 
module testing (PMT). Other features are: 


® Power-down Current <10 pA 
® 3-State Outputs 
® 12 Popular Organizations Available 


first—in first-out buffer memories 


‘The TSC500 Series offers three versions of universal first-in first-out memories featuring 
status indicators for: 


e Full 

e Almost Full (Programmable) FIFO SELECTION GUIDE 

@ Half Full WRITE | READ CELL 
ORGANIZATION 

e Empty = 


Programmability of the ‘almost’ functions 
ranges from 1-to-4 for the 32-word FIFO to 
1-to-8 for the 64- and 128-word FIFOs with 
respect to either ‘Empty’ or ‘Full.’ 


r 


register files 
REGISTER-FILE SELECTION GUIDE 


WRITE | READ 
ORGANI CELL 
PORTS | tc(w) | ta(A) -ZATION NAME 
(ns) (ns) 


| 6 | 10.7 | 16W x 8B | RF4OOLY | 
| 6 | 10.9 | 16W x 9B | RF402LS | 
| 6 | 13.6 | 16W x 128 | RFAO3LI 
| 6 | 12.3 | 64W x 8B | RF6OOLS | 
| 6 
| 6 
=a 


The TSC500 Series provides seven high- 
performance register files that provide 
closely coupled memory for high-speed 
processors. Word widths of 8-, 9-, and 
12-bits are implemented. Various levels of 
system parallelism are supported by 3-and 
4-1/O port configurations. Both 16- and 
64-word memories are offered. 


1 WRITE 
2 READ 


2 WRITE 
2 READ 
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input, output, and bidirectional buffers 


The TSC500 Series library contains a wide selection of input, output, and bidirectional buffers 
that facilitate design optimization. The input and bidirectional buffers are designed to 
accommodate the active pull-up or pull-down terminators shown on page 14. 


input buffers 


Input buffers are available with CMOS- or TTL-level thresholds that feature noninverting 
versions with and without hysteresis. Also, clock buffers with CMOS-level or TTL-level 
thresholds, are available. The clock buffers feature five clockdriver outputs with each output 
capable of driving a 3-pF load for a total of 15-pF. A guide to input buffer selection is shown 
below. 


TABLE 5. INPUT BUFFER SELECTION GUIDE 


iPIO7Ld 
iPIOOLJ 
PIVTLJ 
iPIvaLd 


All input buffers are designed to accommodate active pull-up or pull-down terminators shown 
on page 14. Additionally, another class of input buffers feature 2-pin crystal-controlled 
oscillator circuits embedded in an input design. 


TABLE 6. CRYSTAL—CONTROLLED OSCILLATOR SELECTION GUIDE 


FREQUENCY 
(MHz) OUTPUT DRIVE CELL NAME 
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di/dt control 


The rapid rate of change of current (di/dt) developed during high-speed logic-level 
transitions of output and bidirectional buffers creates unwanted voltage transients if the IC is 
installed in a system having high Voc and/or ground impedances (see Figure 3a). To assist 
designers in minimizing unwanted voltage transients, the TSC500 Series Standard Cell library 
includes output and bidirectional buffers having three levels of integral di/dt control (see 
Figure 3b). Full-speed, non-di/dt-controlled versions are also offered for critical paths. 


5 


SWITCHING 
0 OUTPUT(S) 
1 1 
UNSWITCHED 
OUTPUT(S) 
0 0 
a. WITHOUT di/dt CONTROL b. WITH di/dt CONTROL 


FIGURE 3. TYPICAL EFFECTS OF di/dt CONTROL 


When using non-di/dt-controlled output buffers, the following methods minimize the di/dt 
related transients and reduce Vcc¢ and ground trace impedances: 


@ Locate non-di/dt-controlled output and bidirectional buffers on low-inductance pins and 
adjacent to Vcg and ground pins. 


@ Minimize the number of simultaneously switching outputs. 
@ Increase the number of Voc and ground pins. 


@ Increase the width of Voc and ground traces on printed circuit boards, or use dedicated 
Voc and ground planes. 


To assist designers in minimizing such effects, all output and bidirectional buffers in the 
TSC500 Series library are offered with three degrees of di/dt control circuits and a full-speed 
version for critical paths. This permits the designer to achieve the levels of performance 
needed at each output and offers an opportunity to optimize the number of Voc and ground 
pins needed. 


The various degrees of di/dt offered and their applications are shown in Table 7. 
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TABLE 7. di/dt BUFFER SELECTION GUIDE 


CONSIDER USING 
APPLICATION (TYPE OF LOAD DRIVEN) BUFFER TYPE ask 
CMOS/MOS AC/ACT |TERMINATED| CRITICAL LEVEL 


Fe IOHXXLJ | OPHXXLJ | 1/8 Speed 


poe fe txts | oP KxXLY_| 1/4 Speed 
poe Te txts | oPuxxty | 1/2 Speed 
poet torts | opixxty | Full Speed 


Detailed design guidelines on the selection of output and bidirectional buffers, and Vocg and 
ground pin requirements, are contained in the CMOS Standard Cell Design Manual. 


output and bidirectional I/O characteristics 


The high-level and low-level output voltage characteristics of external outputs and 
bidirectional |/Os are common for all types of cells. The following table provides the Voy and 


Vo_ Parameters. 


electrical characteristics over recommended ranges of supply voltage and operating free—air 
temperature 


PARAMETER TEST CONDITIONS 
' 


TTL threshold 
Outputs without IOH = —20 pA, Voc-0.1 
a terminator See Note 1 


CMOS threshold er 
V 


VOH_ High-level 
output voltage 


TTL threshold P 
Outputs without lIOL = 20 pA, 0.1 
a terminator See Note 1 


t Not applicable for N-channel open-drain output buffers. 
NOTE 1: These limits apply when all other outputs are open. 


Low-level 


VOL Output voltage 
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output buffers 
Output buffers are available in totem-pole, 3-state, N-channel open-drain output 
configurations, with drive current ratings from 2 mA to 64 mA. Performance specifications 


are contained in the Workstation Library Summary section of this data sheet and also in the 
TSC500 Series Data Manual. A guide to output buffer selection is shown in Table 8. 


TABLE 8. OUTPUT BUFFER SELECTION GUIDE (See Notes 2 and 3) 


CELL NAME 
(and performance class) 


OUTPUT 


OUTPUT CURRENT 
CONFIGURATION | (Sink/Source) ; 
(mA) 1/g Speed | 1/4 Speed | 1/2 Speed | Full Speed 


4/4 | OPAL | OPKAOLU | OPJAOLY | OPI40LJ 
rereRnOLE 
2 | oPH2tty | opkatiy | opy2ity | OPi2tty 


| 2/2] OPH20Ld OPK20LJ OPJ20LJ OPI20LJ 


tar Sed | 10 OPHO1LJ OPKO1LJ OPJO1LJ OPIO1LJ 
(See Note 4) OPHA1LJ OPKA1LJ OPJAILJ OPIA1LJ 


| 2/2 | opH2aty | oPK2aty | oPvasty | OPi2atd | 
p 4/4 | OPHasLY | OPKaaLY | OPJaaLy | OPI43LU | 
| 6/6 
| 10/10 


2/2 
4/4 
6/6 

2 
a 
es 

10 
~~ 
2/2 

4/4 


OPHE3LJ OPKE3LJ OPJE3LJ OPIESLJ 
64/16 OPHG3LU | OPKG3LJ OPJG3LJ OPIG3LJ 


NOTES: 2. All output buffers are noninverting. 
3. All output buffers are characterized for CMOS and TTL loads. 
4. N-channel open-drain outputs are for sink current. 
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bidirectional input/output buffers 


Bidirectional I/O buffers are available in 3-state output configurations, with drive current 
ratings from 2 mA to 64 mA. Performance specifications are contained in the Workstation 
Library Summary section of this data sheet and also in the TSC500 Series Data Manual. A 


guide to bidirectional buffer selection is shown in Table 9. 


TABLE 9. BIDIRECTIONAL I/O BUFFER SELECTION GUIDE (See Notes 5, 6, and 7) 


OUTPUT CELL NAME 
CURRENT INPUT (and performance class) 


(Sink/Source) THRESHOLD 
TTL 


ee CMOS IOHG1LJ IOKG1LJ lOJG1LJ 
IOHG4LJ IOKG4LJ IOJG4LJ 


NOTES: 5. All input buffers are noninverting. 
6. All output buffers are 3-state and noninverting. 
7. All input and output buffers are characterized for CMOS and TTL loads. 
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Full Speed 


lOl24LJ 
lOl41LJ 
lOl44LJ 
lOI61LJ 
lOI64LJ 
lOl01LJ 
lIOI04LJ 
IOIA1LJ 
lIOIA4LJ 
lOIB1LJ 
lOIB4LJ 
IOIE1LJ 


lOIG4LJ 
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pull—up and pull—down active terminators 


The following pull-up and pull-down terminators are offered for use with inputs and 
bidirectional I/O buffers. 


library summary 


TERMINATION 


TYPICAL 
CURRENT 


_ 


NAME 


The TSC500 Series library offers the ASIC designer 450 cells and macros ranging from 
hardwired primitive gate, Boolean, latch, flip-flop, and register cells and macros to medium 
density, software versions of the popular MSI macros, to a complete family of FIFO’s, register 


files, and SRAMs. 


characteristics of the cells and macros provided in Release 1.2 of the library. 


CELL OR MACRO PAGE 
FUNCTION 
ALU/ADDER....... 14-86 
BUFFERS: 
INVERTING ...... 14-99 
INV 3-STATE .... 14-99 
NONINVERTING ... 14-91 
COMPARATORS ... 14-86 
COUNTERS... «60s 14-92 
DEGODERS «sss. 14-92 
DEMULTIPLEXERS .. .14-92 
ais’: ee ee 14-94 
FLIP-FLOPS 
OP eaaguguhenaens 14-93 
O0  cxwovaccaes 14-99 
SCAN (D) ....... 14-115 
TOGGLE 1) «4 ass 14-115 


14-84 


CELL OR MACRO 
FUNCTION 


GATES: 
AND 


AND-OR-AND-NOR . 
AND-OR-NAND 
EXCLUSIVE-NOR ... 


OR 
OR-AND-NOR 
OR-AND-OR-NAND . 
OR-NAND 
INPUT BUFFERS 


xas 
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PAGE 


. 14-88 
er 14-90 
. 14-94 
EXCLUSIVE-OR ...... 14-94 


ie Bae 14-88 
. 14-90 
eases 14-89, 111 
14-94 


CELL OR MACRO 
FUNCTION 


I/O BUFFERS 
INVERTERS 
LATCHES: 


MULTIPLEXERS 
OSCILLATORS 
OUTPUT BUFFERS .. 


._ 2. © © 8 @& 


REGISTER FILES... . 
REGISTERS 
SHIFT REGISTERS ... 


TEST) EAP koa ws 


TEST-PORT 
CONTROLLERS 


The library listing on the following pages summarizes essential 


14-101 
14-111 


-14-104 
PARITY GEN/CKR.... 


14-86 
14-112 
14-112 
14-114 


14-116 
14-116 
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AND GATES 


FUNCTION 


CHARACTERISTICS 
DELAY TIME DELTA DELAY 
NUMBER 
GATES CELL OUTPUT tPLH tPHL AtpLH AtPHL 
HARDWIRED NAME DRIVE (ns) (ns) (ns/pF) | (ns/pF) 


AN210LJ 


—_ 
on 


AN220LJ 


> 
x< 
~ 
re) 
on 


AN240LJ 


rh 
x< 
ale 
“s 
nn 


— = _ 
x< x< 
= 
- ° 
toa) 


TYP 0.56 | 0.6 
MAX 1.07 1.11 


AN260LJ 


fo) 
x< 


AN310LJ 


AN320LJ 


aw) 
x< 


AN340LJ 


> 
x< 


AN360LJ 


0.68 0.22 
1.35 0.44 
112 
2.18 
TF 0.81 0.74 0.58 
MAX 1.75 1.54 1.16 
Lb ix 1.01 0.89 0.34 
MAX 2.27 1.95 0.68 
0.75 0.24 
1.54 0.46 
0.57 1.74 
1.18 3.52 
0.78 0.63 , 
1.68 1.38 1.14 


AN410LJ 


AN420LJ 


rh 
x< 


22) 
x< 


AN440LJ 


> 
x< 
ns 
~ 
n 


fo) 
x< 


AN460LJ 


AN510LJ 


Oo 
fo) 


AN810LJ 


x< 


ee | | 


—_ _ 
x< 
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AND-—NOR, AND-OR, ARITHMETIC FUNCTIONS, AND COMPARATORS 


FUNCTION 
GATES CELL OUTPUT 
HARDWIRED NAME DRIVE 


AND-OR AO220LJ 4 2x 

Y = (A-B)+(C-D) 

AND-NOR AO221LJ 4 2x a oye : _ 
Y = (A-B)+(C-D) ‘ 

AND-OR AO230LJ 6 xX 2.75 | TYP 
Y = (A1-A2)+(B1°B2)+(C1-C2) 

AND-OR AO250LJ 9 xX 4 TYP 0.77 MA ee : = 
Y = (A1°A2)+(B1°B2)+(C1-C2:)+(D1-D2)+E1 . ; 


CHARACTERISTICS 


NUMBER 


ni 


1efS TYP 


AND-OR AO320LJ 6 x TYP 
Y = (A1-A2:A3)+(B1-B2-B3) 

AND-OR AO420LJ 8 X 3.25 | TYP 
Y = (A1-A2-A3-A4)+(B1 -B2:B3-B4) 

AND-NOR AOQ421LJ 8 x TYP 
Y = (A1-A2:A3-A4)+(B1-B2-B3-B4) 


FUNCTION 
DELAY TIME DELTA DELAY 
ARITHMETIC WIDTH 
OPERATORS MACRO OR OUTPUT tPLH tPHL 
SOFTWARE NAME SIZE DRIVE (ns) (ns) 


MAGNITUDE SO085LJ 4-BITS 
COMPARATOR 

ALU WITH $181LJ 4-BITS 
LOOK-AHEAD 


BINARY FULL $283LJ 4-BITS 
ADDER 

MAGNITUDE S686LJ 8-BITS 
COMPARATOR 

IDENTITY S688LJ 8-BITS 
COMPARATOR 


ODD-EVEN S280LJ 9-BITS 
PARITY 


TEXAS ti 
INSTRUMENTS 


14-86 POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


TSC500 SERIES 
1-um CMOS STANDARD CELLS 


BOOLEAN FUNCTIONS (AND—NOR) 


FUNCTION CHARACTERISTICS 
MULTI-STAGE i. NUMBER — 
GATES CELL OF OUTPUT 
HARDWIRED NAME INPUTS | DRIVE (ns) | (ns) | (ns/pF) | (ns/pF) 
BFOOILJ 3 TYP | 041 | 0.36 21 0.92 
aad Ed 
= a ae 
Y = A1+(B1-B2- 2 
Broly [5 
Brood | 6 | 
BroosLy [ 


a 
on 
ale 


4 4 4 4 4 4 4 
< < < < < < < 
UG v s ae) % U = ss U ae 


ros | « _ 
eee | 


BFOOSLJ 


Y = A1+(B1-B2)+(C1-C2-C3) +(B1: oe *C2-C3) 


ci) a 
eons | © |. 


~ (A1-A2)+(B1 Sane cee 
BFO13LJ 8 1X 

Y = (A1-A2)+(B1-B2-B3)+(C1-C2-C3) 
BFO14LJ 9 1X 

Y = (A1-A2-A3)+(B1-B2-B3)+(C1-C2:C3) 


nN 
on 
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BOOLEAN FUNCTIONS (OR—AND—NOR, AND—OR—AND—NOR) 


FUNCTION CHARACTERISTICS 


DELAY TIME DELTA DELAY 
MULTI-STAGE NUMBER 
GATES CELL OF OUTPUT tpLH | tPHL | Atpty | AtpHL 
HARDWIRED NAME INPUTS DRIVE (ns) (ns) | (ns/pF) | (ns/pF) 
BFO15LJ 0.72 0.36 0.93 
Y = A1+[B1-(C1+C2)] 1.67 0.62 1.84 
BFO16LJ 5 


Y = A1+([(B1+B2):(C1+C2)) 


BFO17LJ 5 ‘ , 0.88 
Y = Ai+[B1°B2-(C1+C2)} 2.04 ' 


BFO20LJ 5 
Y = (A1°A2)+[B1-(C1+C2)]} 


OR-AND-NOR BFO22LJ 


Y = (A1-A2)+[B1-B2-(C1+C2)] 
BFO25LJ 

Y = (A1-A2)-A3+(B1-(C1+C2)] 
BFO27LJ 7 

Y = (A1-A2-A3)+[B1-B2-(C1+C2)] 
BFO28LJ 1x 

Y = (A1-A2-A3)+[B1-(C1+C2)-(D1+D2)] 


BFO30LJ 1X 2 
Y = A1+{B1-[C1+(D1-D2)}} 


AND-OR- BFO34LJ 1X 
AND-NOR Y = (A1‘A2)+{B1-[C1+(D1-D2)}} 


BFO35LJ 7 1X 
Y = (A1‘A2)+{B1 -[(C1-C2)+(D1-D2)}} 
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BOOLEAN FUNCTIONS (OR—NAND) 


FUNCTION CHARACTERISTICS 
DELAY TIME DELTA DELAY 
MULTI-STAGE NUMBER 
GATES CELL OF OUTPUT p tpLH | tpHt | AtptH | AtpHL 
HARDWIRED NAME INPUTS DRIVE (ns) (ns) | (ns/pF) | (ns/pF) 
BFOS1LJ TYP 0.46 0.38 0.91 
Y = A1-(B1+B2) 0.97 0.57 1.79 


“ 

BFOS2LJ 4 1X TYP TYP 0.41 3.08 
exes | | | ji | ae | as | oe 
Y = (Ai+A2)-(B1+B2) F A .24 

Y = (A1+A2):(B1+B2+B3) 


BFOS55LJ 
Y = (A1+A2+A3):(B1+B2+B3) 


" 
Y = A1-A2-(B1+B2) 
BFOS7LJ 5 1X 
5 1X 
x 


ilk 
on 


1.5 
1.75 
1.75 


1X 2 


< 


1.75 


BFOS8LJ 

Y = A1-(B1+B2):(C1+C2) 
BFOSSLJ 1 

Y = A1:(B1+B2)-(C1+C2+C3) 


Y = A1-(B1+B2+B3):(C1+C2+C3) 


BFO62LJ 7 1X 
Y = (A1+A2):(B1+B2)-(C1+C2+C3) 


BFO63LJ 8 1X 
Y = (A1+A2)-(B1+B2+B3)-(C1+C2+C3) 


Y = (A1+A2+A3):(B1+B2+B3)-(C1+C2+C3) 
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BOOLEAN FUNCTIONS (AND—OR-—NAND, OR—AND-—-OR—NAND) 


FUNCTION 


MULTI-STAGE NUMBER 


GATES CELL OF OUTPUT 
HARDWIRED NAME INPUTS DRIVE 


BFO65LJ 
Y = At-[B1+(C1-C2)] 
BFO66LU 5 
Y = A1-[(B1-B2)+(C1-C2)] 
BFO67LJ 5 
Y = A1-[B1+B2+(C1-C2)] 
BFO68LJ 
Y = A1-[B1+(C1-C2)+(D1-D2)] 
BFO69LJ ; 
Y = A1-((B1-B2)+(C1-C2)+(D1-D2)] 
BFO70LJ 5 1X 
Y = (A1+A2)-[B1+(C1-C2)] 
BFO71LJ 
Y = (A1+A2)-[(B1-B2)+(C1-C2)] 
BFO72LJ 
Y = (A1+A2)-[B1+B2+(C1-C2)] 
BFO75LJ 
Y = (A1+A2+A3)-[B1+(C1-C2)] 
BFO80LJ 
Y = A1-{B1+[C1-(D1+D2)]} 
BFO81LJ 
OR-AND- Y = A1-{B1+[(C1+C2)-(D1+D2)}} 
OR-NAND BFO82LJ 
Y = A1-{(B1-B2)+[C1-(D1+D2)}} 
BFO88LJ 7 


x< 
—j 
< 
me) 


CHARACTERISTICS 


SWITCHING (Cy, = 0) 
DELTA DELAY 


A 


2.07 
4.21 


0.24 


EE 


0.25 


~< 
Uv 


Ei : 
Uv v 


Tr? 
MAX 


TYP 0.99 
MAX 2.45 
0.23 TYP 0.78 46 
MAX 1.8 0.86 
TYP 1.07 0.45 
MAX 2.49 0.85 


0. 
0. 
0 


0.54 
15 


TYP 0.9 
MAX 2.04 1 

TYP let 0.47 
MAX 2.97 0.86 


Y = (A1+A2+A3)-{B1+[C1-(D1+D2)]} 


a 
~< 
3 
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TSC500 SERIES 
1-um CMOS STANDARD CELLS 


BUFFERS AND BUS INTERFACE 


FUNCTION CHARACTERISTICS 


DELAY TIME DELTA DELAY 
BUFFERS/ tpHe | Atpty | AtpHt 
BUS INTERFACE (ns) (ns/pF) | (ns/pF) 
BU110LJ 
8 
BU111LJ 4.74 
9.61 
BU112LJ 
TOTEM-POLE 
OUTPUTS pur ich 
(HARDWIRED) 
BU114LJ 


3-STATE pa 
= 
0.12 


3-STATE TYP | MULTI 


OUTPUTS 
(SOFTWARE) 


3:STATE 
OUTPUTS 
(SOFTWARE) 


1.44 


aa | 
'?) 
N3/2 


0.12 
1.42 


es | 
Bg 
aan, 
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TSC500 SERIES 
1-um CMOS STANDARD CELLS 


CHARACTERISTICS 
SWITCHING (Cy = 0) (See Note 8) 


DELAY TIME DELTA DELAY 


FUNCTION 


CLOCK GENERATOR, COUNTERS, DECODERS, DEMULTIPLEXERS, 
CLOCK 
GENERATOR 


AND PROGRAMABLE DELAYS 
CELL OUTPUT tPLH tPHL AtpLy AtpHL 
HARDWIRED NAME DRIVE ( (ns) (ns) (ns/pF) (ns/pF) 
TWO-PHASE CK120LJ 1X TYP 0.11 TYP 5.99 1.01 2.04 0.86 
NON-OVERLAP MAX 13.61 2.46 4.58 2.11 


FUNCTION CHARACTERISTICS 
SWITCHING (Cy = 0) (See Note 8) 


DELAY TIME DELTA DELAY 
TYPE 
COUNTERS MACRO OF Cj Cod tPLH tPHL AtptH | AtpHt 
SOFTWARE NAME CLEAR (pF) | (pF) (ns) (ns) | (ns/pF) | (ns/pF) 
4-BIT 3 | Typ | MULTI] 14.1 | TYP 3.7 3.7 1.12 0.76 
BINARY MAX z. 7 2.12 1.4 

S163ALJ SYNCH 1 TYP | MULTI | 14.35 3. 

(LOW) 

4-BIT RIPPLE S177LJ ASYNCH s | TYP | MULTI] 10.4 
BINARY (LOW) 
4-BIT UP/DOWN | $191LJ | NONE (USE 1 TYP | MULTI 
BINARY LOAD) 
4-BIT UP/DOWN | S193LJ ASYNCH TYP | MULTI] 15.4 
BINARY (HIGH) 
DUAL 4-BIT $393LJ ASYNCH 1X TYP 
RIPPLE BINARY (HIGH) 
8-BIT BINARY S590LJ ASYNCH 1 TYP | MULTI | 29.14 
3-STATE (LOW) 
8-BIT BINARY $593XLJ 179 | TYP | MULTI | 37.56 
3-STATE 
4-BIT UP/DOWN | S669LJ TYP | MULTI | 13.82 
BINARY 


NOTE 8: Specific timing data regarding pulse duration, setup time, and hold time models are incorporated in the engineering workstation 
library. 


— 
RO|Nw 


AnalNrwol/aol]-ol]lanl]a 


fos) 
oO 
on 


X 
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> 


3 
0 


6 
7 
3 
Ff 


FUNCTION CHARACTERISTICS 


DELAY TIME DELTA DELAY 


DECODERS/ AtptH | AtpHL 
DEMULTIPLEXERS (ns/pF) | (ns/pF) 


3-ENABLES $137LJ . 
(SOFTWARE) . 
3-ENABLES $138LJ . 
(SOFTWARE) 


1-ENABLE 
(SOFTWARE) 


1-ENABLE 
(SOFTWARE) 
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TSC500 SERIES 
1-um CMOS STANDARD CELLS 


FUNCTION 


FLIP-FLOPS OUTPUT 
(felock) 


130 MHz 
WITH CLRZ 
AND PREZ 


170 MHz 
WITH CLRZ 
AND PREZ 


SOFTWARE FLIP-FLOPS 


$173LJ 1X 
-STATE 

WITH CLR2Z 
6-BIT $174LJ 1X 
WITH CLRZ 
4-BIT COMP $175LJ 1X 
OUT WITH 
CLRZ 


8-BIT $273LJ 

WITH CLR2Z 

8-BIT WITH $374LJ 
-STATE 


D-TYPE FLIP-FLOPS 


CHARACTERISTICS 


SWITCHING (C, = 0) (CLK to Q) 
(See Note 9) 


REQUIREMENTS 


TIMING 


CLK 


Cj Cod tPLH AtpHL 
(pF) (pF) (ns) (ns/pF) | (ns/pF) 


1.61 Tre 1.64 1.556 
MAX 3.53 3.12 
1.44 TY? 1.26 1.54 
MAX 2.49 3.12 
Tar 


TYP | MULTI TvP 
MAX 


0.78 See Note 9 
1.4 
1.38 See Note 9 


NOTE 9: Specific timing data regarding pulse duration, setup time, and hold time models are incorporated in the engineering workstation 


library. 
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TSC500 SERIES 
1-um CMOS STANDARD C 


ELLS 


EXCLUSIVE—NOR, EXCLUSIVE—OR, FIRST-IN FIRST—-OUT MEMORIES, 
AND INPUT BUFFERS 


FUNCTION 


NUMBER 
OF 
INPUTS 


GATES 
HARDWIRED 


EX240LJ 


FULL, 
ALMOST FULL, 
HALF, 
ALMOST EMPTY, 
EMPTY 
CELL STATUS 
NAME INDICATORS 


FUNCTION 


FIRST-IN- 
FIRST-OUT 
MEMORIES 
WITH 3-STATE 
OUTPUTS 
HARDWIRED 


32-WORD 
BY 9-BITS 


64-WORD 
BY 9-BITS 


128-WORD 
BY 9-BITS 


FUNCTION 
INPUT 
BUFFERS INPUT 
NON-INVERTING CELL THRESHOLD 
HARDWIRED NAME (V) 


IPIO1LJ 2.5 TYP 

(CMOS) 

IPIO4LJ 1. TYP 
(TTL) 

IPIO7LJ 0.9/3.85 

(CMOS) 


WITH 


HYSTERESIS 0.8/2 


IPIOSLJ 
(TTL) 
IPI11LJ 2.5 TYP 
(CMOS) 
IPI14LJ 12 TYP 


(TTL) 


CLOCK 
DRIVER 


14-94 


EX210LJ 2 1.75 0.08 


fo) 


OUTPUT 
DRIVE 


TEXAS 4 
INSTRUMENTS 


mys Tir 0.47 
MAX 0.98 


<a 
ER 
< U 
ss 
ND 
oh 


CHARACTERISTICS 


DELAY TIME DELTA DELAY 
tpLH_ | tpHe | AtptH | AtpHt 
(ns) (ns) (ns/pF) | (ns/pF) 

1.96 0.91 

3.97 1.77 

0.54 1.09 0.88 

A 1.19 2.12 1.68 

TYP 0.52 0.6 
MAX i? 1.2 
0.63 0.28 0. 
1.38 0.58 0. 


if 


© 


CHARACTERISTICS 


DATA RATES 


WRITE READ 


DELAY TIME 


DELTA DELAY 
AtpLy AtpHL 
(ns/pF) (ns/pF) 

0.18 


. 
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TSC500 SERIES 
1-um CMOS STANDARD CELLS 


1/8—SPEED BIDIRECTIONAL INPUTS/OUTPUTS 


FUNCTION OUTPUT CHARACTERISTICS INPUT CHARACTERISTICS 


SWITCHING} (Cy = 15 pF) ELEC- SWITCHING (C, = 0 pF) 
1/0 OUTPUT _ 


3-STATE CURRENT DELTA DELAY DELAY TIME; DELTA DELAY 


BIDIREC- Sink/ 
TIONAL Source Atpcy | AtPHL tpLH | tpHt | AtpLH | AtpHL 
(ps/pF) | (ps/pF) (ns) (ns/pF) | (ns/pF) 


HARDWIRED (mA) 
: 7.4 40 50 0.2 
. 14.63 80 80 , 0.33 
‘ 8.98 40 40 13 : , 0.2 
; 17.42 80 80 ' 
8.32 40 
16.28 80 
8.04 
. 15.82 
. 8.48 60 60 
' 16.62} 110 110 
: 190 200 
2 350 360 
12.08; 110 
23.24} 200 
8.82 80 90 
7.59 150 160 


oat? 
a 


+ 
: : @) 
© > 
mo 


13 


© 


ad as os 

AMI WA! WO 
-oO;1owo!;]oo 
&OoO;}MD—+}@P 


IOHE1LJ| 48/16 2.5 
(CMOS) 
1/8-SPEED ||OHGiLJ| 64/16 2.5 
CMOS/TTL (CMOS) 
OUTPUT 
WITH CMOS 2.5 

INPUT (CMOS) 


op 
es 


Ls) 
= 
ee) Ee) eS) Fe ES ES 
<|>~<|>< < 
£3|53|£3/53|/E3|53/53 


I) 


A> =4 | —s _ 

NOON] PN 
MNO;lOrfI|WO 
PO @lWN iM @ 


er 
Le) 


nN — 
oOo 
Oo 
N 


m 
r= 
m 


<= 


(mA) (ns) (ns) |(ps/pF)|(ps/pF)] (pF) (ns) | (ns/pF) | (ns/pF) 


IOHA4LJ| 16/16 . 5.97 60 13. é ‘ 
' 12.4 100 . . 
JOHB4LJ| 24/16 ; ‘ 5.96 
‘ 12.38 


IOHEPLJ| 48/0D 2 
(TTL) 
w/HYST 
IOHE4LJ| 48/16 1.3 6.03 
yesey [| 
OUTPUT |IOHG4LU}] 64/16 1.3 8.61 
WITH TTL (TTL) 16.72 
INPUT 
IOHO4LJ| 10/10 1.3 6.31 | 9.53 80 | 13.8 
(TTL) 13.1 | 18.29 140 
IOH24LJ| 2/2 AAT 270 | 13.8 
39.46 470 
IOH44LJ| 4/4 8.19 | 13.91 
16.91 | 26.15 
IOH64LJ| 6/6 5|T 7.28 | 11.56 13.8 
MAX] 15.06 | 21.93 


+ cmos output delay times are shown. 


-_ 
= | 
“ 
~~ 


HARDWIRED 


FUNCTION INPUT CHARACTERISTICS 

SWITCHING (C, = 0 pF) 
TRICAL 

Vie) OUTPUT 

3-STATE CURRENT DELAY TIME | DELTA DELAY DELAY TIME| DELTA DELAY 

BIDIREC- Sink/ 

TIONAL CELL | Source tpLH | tpHL | AtpLH | Stet | Ci | tpLH | tpHe | AtpLH | AtpHL 

NAME 


—_ 
“ 
a) © 


= 
= 
Nh 


tf — 
ap 
Om wD 


Nh — |! — 1h 
AWIDW! DAW 


Sele 2 
HAylahw|aAwy|aAw |] ah 


HPhPOLL OHI HA!LOAHA IAA 


tN — 
oo/S°0 
orn 


FTTL output delay times are shown. 


tPLZ 
ti tpz_ and Atpz,_ 
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TSC500 SERIES 
1-um CMOS STANDARD CELLS 


FULL—SPEED BIDIRECTIONAL INPUTS/OUTPUTS 


FUNCTION OUTPUT CHARACTERISTICS INPUT CHARACTERISTICS 
SWITCHING! (C, = 15 pF) | ELEC- SWITCHING (C, = 0 pF) 


1/0 

3-STATE 
BIDIREC- 
TIONAL 
HARDWIRED 


DELTA DELAY 


tpLH |t AtPLH 
(ns) | (ns) | (ps/pF 


ELAY TIME} DELTA DELAY 


tpLH | tpHL | AtpLH | AtpHL 
)| (ps/pF) (ns) | (ns/pF) | (ns/pF) 
2.36 13.8 9] 0. 0.2 0.1 
4.75 0.32 | 0.24 


0.2 0.13 
0.33 0.24 


0.13 
0.24 


0.13 
0.24 


0.13 
0.24 


0.13 
0.24 


0.13 
0.24 


0.13 
0.24 


+ 
so (88 
5 
> 
oa 
; 


— — -OoO;— — Ss 
=e pOlaSolawolalc pOlO 
ho “Aoliawolw=l|ao “aol — 


ie) 


FULL- 
dean lOIG1LJ | 64/16 2.5 
CMOS/TTL (CMOS) 
OUTPUT lOl0i1LJU | 10/10 2.5 
WITH CMOS (CMOS) 
INPUT 

lOl21LJ 2.5 

(CMOS) 


2/2 
4/4 
6/6 


. 


-oO =o/-o/]/-o/]-o 
uo “uaol4~ol+ol]oo 
m OAM Re RAM Ro RAM Ee RA) 

o o © Oo 

pit, e 142 r= ui 

OM 1@OM]M ho wo 


lOl41LJ 2.5 
(CMOS) 

lOl61LJ | | 2.5 
) 


a) 
“> 
@ 


FUNCTION OUTPUT CHARACTERISTICS INPUT CHARACTERISTICS 
ELEC-| SWITCHING (C, = 0 pF) 

Wie) OUTPUT TRICAL 
ae DELAY TIME | DELTA DELAY ELAY TIME| DELTA DELAY 
TIONAL CELL Cpa tpLH | tpHL | 4tpLH | AtpHL Atpiy | AtpHL 

NAME (pF) | (pF) (ns) (ns) | (ps/pF)| (ps/pF) 

IOIA4LU | 16/16 18 TYP 

10 


— 


oOo 
a" © 
on 


So 


oo 
N=-I1Ss U 
-pT oOo — 
owl~=z 


4 
~< 
Z|EZ 


oo 
wo 


Se ice 
wo — 
=N1IN@ 


—_ 


HARDWIRED (ns/pF) | (ns/pF 
3 E 
3 29.9} TYP | 2.35 2.48 10 
10.4] MAX] 4.82 4.99 30 
IOIEPLJ | 48/0D 1.3 TYP 
(TTL) 30 
w/HYST 
IOIE4LJ 48/16 1.3 2.24 15.4 
4.61 
3.14 


a 
c 


ot 

as a -IN>sils 5 
a4 on -|o-|o0 x 
W @ OO l/Woal/o0oI~r 


lOlIG4LU | 64/16 10 16.6 
20 
lOl64LJ 


+ cmos output delay times are shown. 


Ae 3 


31/35 
aac 
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KUL Ul Xx Ulu 


~4/~4/~4/-.4 —~34/~4 
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tPLZ 
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TSC500 SERIES 
1-um CMOS STANDARD CELLS 


1/2—SPEED BIDIRECTIONAL INPUTS/OUTPUTS 


OUTPUT CHARACTERISTICS INPUT CHARACTERISTICS 


ELEC- SWITCHING (C, = 0 pF) 
TRICAL 


FUNCTION 


CELL 
NAME 


IOJAILJ}| 16/16 2.5 
(CMOS) 
IOJBILJ} 24/16 2.5 TYP} 0.18 TYP | 4.21 | 4.44 
(CMOS) } (G) | 0.15 MAX | 8.55 | 8.91 
’ .18 . 
15 


= 
Ww 


— 
pOsl]-7Oo]-oS 
-“~O;hO!;ALO 


1/0 OUTPUT 

3-STATE DELAY TIME| DELTA DELAY 
BIDIREC- 

TIONAL tpLH | tpHL | AtpLH | AtpHL tpLH | tpHL | AtpLH | AtpHL 
HARDWIRED (ns) | (ns) | (ps/pF) | (ps/pF) (ns) | (ns) | (ns/pF) | (ns/pF) 


. 
. 


0 
1 
0 
1 
0 
1 


63 
16 
63 0.13 
16 0.33 0.24 
63 
16 


1 f 
1/2-SPEED ||OJG1LJ| 64/16 2.5 TYP] 0.18 TYP | 4.35 : 

CMOS/TTL (CMOS) | (G) | 0.15 MAX | 8.81 : 

OUTPUT 

WITH CMOS|!OJO01LU} 10/10 2. TYP 18.7 4 13.8 0.13 
INPUT (CMOS) | (G) 8 0.24 


5.4 
4.21 
8.64 
5 4.63 40 0 3. 
9.17 80 0 

lOJ21LJ 2/2 2.5 170 160 13.8 
(CMOS) 320 280 
lOJ41LJ 4/4 2.5 T s 6.76 90 90 13.8 
(CMOS) } ( . 3.03 170 150 
lIOJ61LJ 6/6 2.5 TYP} 0.18 TYP | 6.21 60 60 13.8 
(G) | 0.15 MAX |10.36 120 


FUNCTION INPUT CHARACTERISTICS 


ELEC-] SWITCHING (C; = 0 pF) 
TRICAL 

1/0 

ae DELAY TIME | DELTA DELAY DELAY TIME] DELTA DELAY 


TIONAL tpLH | tpHL | AtpLH | AtpHL tpLH | tpHe | AtpLH | AtpHL 
HARDWIRED ) (ns) (ns) | (ps/pF)| (ps/pF) (ns) | (ns) 
IOJA4LJ| 16/16 1.3. |TYP|0.18| 22.5] 1.18 
(TTL) | (G) | 0.15 2.99 
lOJUB4LU| 24/16 1.3 IT 24. 
(TTL) | 
IOJEPLJ 


=—~O}]/— © 
=—=~oO|— ® 
NWI DW 


_ 
pO 
—-~O 


=-—O 
—O® 
m Ww 


110 


1/2-SPEED 
CMOS/TTL 
OUTPUT 
WITH TTL 
INPUT 


Vek 


+ cmos output delay times are shown. 


TYP 
MAX 
TY? 4.73 

MAX] 9.75 

TYP 4.2 6.53 40 
MAX| 8.67 | 12.44 70 


$0TL output delay times are shown. 
Stpiz 
tt tp_z and Atp,z 
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TSC500 SERIES 
1-um CMOS STANDARD CELLS 


1/4—SPEED BIDIRECTIONAL INPUTS/OUTPUTS 


OUTPUT CHARACTERISTICS | INPUT CHARACTERISTICS —_ CHARACTERISTICS 


ELEC-| SWITCHING (C; = 0 pF) 
re Peay Te 


| DELAY TIME | TIME | DELTA DELAY DELAY TIME TIME | DELTA DELAY | DELAY 
tpLH | tpHL | AtPLH | StPHL tpHe | StpLy | AtpHL 
(ns) | (ns) noe ae (ns) | (ns/pF)| (ns/pF) 
TYP| 5.56 | 5.63 
MAX| 11.27 | 11.24 
MA 


FUNCTION 


1/0 
3-STATE 
BIDIREC- 
TIONAL 
HARDWIRED 


3.8 
Lar '. 


X 
5.56 | 6.53 
11.28 | 12.88 
TYP) © 27.9] TYP | 5.63 
eos = 0.1 MAX] 11.43 
IOKGILJ| 64/16 TYP| 0.18] 31 5.71 5.98 
cos (G) | 0.15 11.57 | 12.02 
P 


1/4-SPEED 
CMOS/TTL 
OUTPUT 
WITH CMOS 
INPUT 


IOKOILJ} 10/10 T¥P | 0.18 | 18.7 
eos (G) | 0.15 

lIOK21LJ TYP] 0.18 | 17.2] TYP | 11.38 | 14.14 170 
eNO (G) | 0.15 MAX] 22.41 | 27.01 330 

IOK41LJ 
eNOS 


180 
320 


0.18] 17.5] TY 8.1 9.36 100 100 
0.15 MAX] 15.06 | 18.04 180 180 
0.18} 18.5 7.02 7.81 
S) 14.01 | 15.19 


OUTPUT CHARACTERISTICS 


at 
nn 
ow 
QnN 
= 
Nom 
Nh 
NN 
—_ —_ ~_ 
w w ior) 
oo - fo) roy 


130 


FUNCTION 


INPUT CHARACTERISTICS 


ELEC- SWITCHING (Cy = 0 pF) 
ae 

DELAY | DELAY TIME DELTA DELAY DELAY TIME| TIME | DELTA DELAY | DELAY 
tpLH | tPpHL | Atpty | AtpHL tPLH | tPHL | Atpiy | AtpHL 
(ns) (ns) | (ps/pF)| (ps/pF) ios a (ns/pF) | (ns/pF 
TYP 4.8 6.29 1.43 | 1.18 aes 0.24 
MAX 9.99 | 12.31 2.16 | 2.99 0.3 0.54 
TYP 4.79 7.19 13.9 1.4 1. 0.1 0.24 
MAX 9.99 | 13. = 2.1 2. 0. 0.54 


1/0 
3-STATE 
BIDIREC- 
TIONAL 
HARDWIRED 


_— 


IOKA4LJ| 16/16 
IOKB4LJ| 24/16 1.3 
a 


IOKEPLJ| 48/0D 

Til) 

w/HYST 

IOKE4LJ| 48/16 1.3 

(TTL) 
IOKG4LJ| 64/16 1.3 
IOK44LJ 

(TT 


t cmos output delay times are shown. 


1/4-SPEED 
CMOS/TTL 
OUTPUT 
WITH TTL 
INPUT 


i 
i. 


YF 4.92 6.43 
AX| 10.26 | 12.75 

TYP 5.02 7.33 

MAX} 10.44 | 14.16 . 
0.18} 17.7} TYP 8. 16.82 100 13.8 | 1.4 Ty! 0. 0.24 

0.15 MAX | 17 31.26 200 2.16 | 2.99 0. 0.54 

0.18} 17.8] TYP 6.47 | 10.91 140 0 

0.15 MAX] 13.36 | 20.51 120 230 0 
TYP 5.74 8.98 

11.89 | 17.07 


q=|4- 
rc Olrew 
6~|5 215 2|52 o<|O< 


ak 
w 
Z 
een ©) 


— 

A 
mm = | 
G) < |G) 
= 9 


1.43 | 1.18 
2.16 | 2.99 
1.43 | 1.18 
2.16 | 2.99 


a 
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$tTL output delay times are shown. 
tPLZ 
7 tpz_ and Atpz, 
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TSC500 SERIES 
1-um CMOS STANDARD CELLS 


INVERTERS AND J—K FLIP-FLOPS 


FUNCTION 


INVERTERS CELL 

HARDWIRED NAME 
IV101LJ 
IV110LJ 


IV120LJ 


INVERTERS its 
IV140LJ 
IV160LJ 
IV180LJ 
IV2ttLJ 


IV212LJ 


IV221LJ 


3-STATE 
INVERTERS IV222LJ 


IV241LJ 


IV242LJ 


FUNCTION 
jak 
FLIP-FLOPS 
HARDWIRED CELL OUTPUT 
(fclock) NAME DRIVE 


127 MHz JKB20LJ 

WITH CLRZ_ |(POS. EDGE 

AND PREZ CLOCK) 

125 MHz JKB21LJ 2X 
WITH CLRZ_ |(NEG. EDGE 

AND PREZ CLOCK) 


CHARACTERISTICS 
SWITCHING (Cy, = 0) (A to Y) 


DELAY TIME DELTA DELAY 
tpLH | tpHL | AtpLH | AtpHL 
(ns) (ns) | (ns/pF) | (ns/pF) 
TYP 0.88 
MAX | 1.69 1 58 
TYP 
MAX 
TYP 0.23 0.24 
MAX | 0.31 0.39 
TYP 0.23 0.15 
MAX | 0.33 0.34 
TYP 0.19 0.18 
MAX | 0.32 0.33 
TYP 0.17 0. 18 
MAX | 0.29 
TYP 0.16 
MAX | 0.27 
TYP 0.33 
MAX | 0.67 
TYP | 0.33 
MAX | 0.71 
TYP 0.36 
MAX | 0.71 


4 
< 
Uv 

oOo 


oo;oo;o°o 
nw] nw 
On| DLINA ITN 


owlro 


a4 
G) 
N5 


DELAY TIME DELTA DELAY 
tpHE | AtpLH | AtpHL 
(ns) (ns/pF) | (ns/pF) 
1.74 0.58 
3.69 1.06 0. i 
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TSC500 SERIES 
1-um CMOS STANDARD CELLS 


LATCH BUS HOLDER AND LATCHES 


CHARACTERISTICS REQUIREMENTS 


SWITCHING (C, = 0) (CLK TO Q) TIMING 


DELAY TIME DELTA DELAY SETUP | HOLD 
(MIN) (MIN) 


FUNCTION 


LATCH 


INTERNAL 
BUS HOLDER Cod tpLH | tpHL | AtptyH | AtpHL 
HARDWIRED on (pF) (ns) (ns) (ns/pF) | (ns/pF) 


FUNCTION 


CHARACTERISTICS REQUIREMENTS 
. 
Cod tpLH | tPpHL | AtpLH Atpyi 
oh Lo (pF) (ns) (ns) (ns/pF) | (ns/pF) 


CELL OUTPUT 
NAME DRIVE 
SWITCHING (Cy = 0) (CLK TO Q) TIMING 
1.32 | TYP 1.11 0.52 : i twL = 2.ns MIN 
MAX 2.22 1.02 


BUS HOLDER} LH110LJ 1X 0.17 TYP | When connected to a bus the Ci/o of 0.56 pF becomes 
FOR 3-STATE MAX | part of the load driven. 
BUS 
DELAY TIME DELTA DELAY SETUP | HOLD | 
(MIN) (MIN) 
TYP 0.09 0.78 | TYP 0.58 1.06 0.75 
C) 0.12 MAX 1.12 ee 2.06 


D-TYPE HIGH LAH10LJ 
ENABLE (C) ( 
D-TYPE HIGH LAH20LJ 
ENABLE (C) 
D-TYPE HIGH LAH23LJ F : 
ENABLE (C) 13 
D-TYPE HIGH LAH40LJ TYP 0.09 2.12 | TYP R , 
ENABLE (C) (C) 0.1 MAX : : 
D-TYPE LOW LAL20LJ TYP 0.12 2.27 TYP 1.79 Ae 0.5 
ENABLE (C) (C) 0.11 MAX 3.99 2.38 0.96 
SOFTWARE ecompaaeeeta eee 
| rae a Note 10 


8-BIT S259LJ 59.75 | TYP | MULTI 1.9 | TYP 2.6 
ADDRESSABLE MAX 4.6 
] . 1.26 See Note 10 
3.3 i 2.56 


8-BIT 3-S S373LJ YP 0.06 

D-TYPE HIGH ie 0.23 

ENABLE (C) 

4-BIT S$375LJ TYP 0.06 2.02 0.94 See Note 10 
D-TYPE HIGH (C) 0.05 4.08 1.82 

ENABLES (C) 


NOTE 10: Specific timing data regarding pulse duration, setup time, and hold time models are incorporated in the engineering workstation 
library. 


No N 
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TSC500 SERIES 
1-um CMOS STANDARD CELLS 


MULTIPLEXERS 


FUNCTION CHARACTERISTICS 


CELL 
OR 
MACRO 
MULTIPLEXERS NAME 


MU110LJ 


tpHt | AtptH | AtpHL 
(ns) (ns/pF) | (ns/pF) 


0.87 
1.66 


MU114LJ . 0.41 


0.71 
1.86 


HARDWIRED MU210LJ 
MU310LJ 
MU320L J 
S151LJ - 
S153LJ 
S157LJ 
S158LJ ; 
S251LJ 


SOFTWARE 
S257ALJ 


—s 


S258ALJ 27 


S298LJ 7.83 


S398LJ 8.06 


S399LJ MULTI | 7.52 


Ww 
a J oa) 
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TSC500 SERIES 
1-um CMOS STANDARD CELLS 


NAND GATES 


FUNCTION CHARACTERISTICS 


DELAY TIME DELTA DELAY 
tpLH | tpHt | AtptH | AtpHL 
(ns) (ns) (ns/pF) (ns/pF) 

TYP 0.29 0.32 1.14 0.99 

MAX | 0.44 0.46 2.46 1.98 

0.38 | TYP 0.27 0.29 0.5 0.48 

MAX 0.4 0.45 1 0.9 

TYP 0.28 0.27 0.35 0.34 

MAX | 0.43 0.42 0.7 0.62 

0.78 | TYP 0.24 0.28 
0.44 0.48 


NUMBER 
GATES CELL OF 
HARDWIRED NAME INPUTS 


NA210LJ 


Loe 


mt 
1.25 


NA220LJ 


iw) 
x< 


NA230LJ 


w 
~< 


NA240LJ 


Le) 


Ww ye) > Ww i) 


0.12 


NA260LJ 


fo) 
x< 


NA310LJ 


x< 


NA320LJ 


NA330LJ 


rh 
“si 
on 


NA340LJ 


NA410LJ 


—s 


0.73 


0.37 
0.64 


0.38 
0.66 


=" 
oO 


NA420LJ 


NA430LJ 


NAS510LJ 


— 


0.88 TY? 
MAX 


Tyr 
MAX 


TYP 0.8 
MAX 1.63 


TYP 0.85 
MAX 15¥4 


NAS20LJ 


) 


1.05 


NA810LJ 


—_ 


Oo 
er 
@ 


NA820LJ 


i) 
x< 


w w 
N to wo : 
on on on 


So 
ro) 
N 


1.31 
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TSC500 SERIES 
1-um CMOS STANDARD CELLS 


NOR GATES 


CHARACTERISTICS 


DELAY TIME DELTA DELAY 
tpLH | tPHL | Atpty | AtpHL 
(ns) (ns) (ns/pF) | (ns/pF) 
0.29 0.37 2.07 1 
0.58 0.5 4.22 2.14 
TYP 0.28 0.98 0.46 
MAX 0.46 2.04 0. 
0.28 0.3 0.66 0:37 
0.48 0.49 1.38 0.62 
6 
8 


FUNCTION 


GATES 
HARDWIRED 


CELL 
NAME 


NO210LJ 


NUMBER 
OF OUTPUT 
INPUTS DRIVE 


a 


+ 
< 
Uv 
o 
D 
= 
5 
< U 


NO220LJ 


NO230LJ 


NO240LJ 


NO310LJ 


8 
TYP 0.29 0.27 0.49 0.3 
MAX 0.45 0.46 1.02 0.44 
TYP 0.38 0.43 3.07 1.29 
MAX 1.04 0.65 6.28 2.96 
TYP 0.11 0.24 bia 0.36 0.41 1.47 0.61 
MAX 0.75 0 3.04 1.14 
0.35 TYP 0.36 0.38 1.01 0.42 
MAX 0.71 0.57 2.1 0.76 

0.14 fei 0.49 4.1 

MAX 0 8.44 
0.10 0.24 TYP 0.47 0.47 2.02 0.78 
MAX 131 0.71 4.18 1.46 
0.7 TY? 0.89 1.01 0.56 
MAX 1.69 1.96 1.02 
TYP 0.81 TYP 1.05 0.97 0.33 
MAX 2.73 1.84 0.64 

0.83 TYP 1.29 1.01 
MAX 3.36 1.98 

Tre 1.39 1.05 0.51 0.33 
MAX 3.6 2.15 1.02 0.62 


NO320LJ 


NO330LJ 


NO410LJ 


NO420LJ 


3] 3 
Uv UV 


NOS10LJ 


NOS520LJ 


NO810LJ 


NO820LJ 
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TSC500 SERIES 
1-um CMOS STANDARD CELLS 


14-104 


FUNCTION 


OUTPUTS 
HARDWIRED 


1/8—-SPEED 
TOTEM-—POLE 
OUTPUT 


FUNCTION 


OUTPUTS 
HARDWIRED 


1/8-SPEED 
OPEN—DRAIN 
OUTPUT 


1/8-—SPEED TOTEM—POLE AND OPEN-—DRAIN OUTPUTS 


CELL 


NAME 


OPHAOLJ 


OPHBOLJ 


OPHEOLJ 


OPHGOLJ 


OPHOOLJ 


OPH20LJ 


OPH40LJ 


OPH60LJ 


CELL 


NAME 


OPHA1LJ 


OPHBILJ 


OPHE1LJ 


OPHG1LJ 


OPHO1LJ 


OPH21LJ 


OPH41LJ 


OPH61LJ 


Sink/Source 


CHARACTERISTICS 


OUTPUT 
CURRENT 


(mA) 


1 

0.35 10.8 
0.17 
OUTPUT 


SINK 
CURRENT 


t cmos output delay times are shown. 


TEXAS ti 
INSTRUMENTS 


POST OFFICE BOX 655012 ¢ DALLAS, TEXAS 75265 


DELAY 


tpZL 
(ns) 


AtpLy 


80 
160 


DELAY TIME DELTA DELAY 


(ns) (ns) 


AtpHL 
(ps/pF) 


DELTA 


Atp2i 
(ps/pF) 


TSC500 SERIES © 
1-um CMOS STANDARD CELLS 


1/8—SPEED 3—STATE OUTPUTS AND FULL—SPEED TOTEM—POLE OUTPUTS 


CELL 
NAME 


OPHA3LJ 16/16 TYP 0. 7 
(G) 0. 

OPHB3LJ 24/16 TYP 0. 

(G) 0. 

0. 

0. 

0 


CHARACTERISTICS 


DELAY TIME DELTA DELAY 
tPLH tPHL AtpLy AtpHL 
(ns) (ns) (ps/pF) (ps/pF) 
TYP 6.84 7.32 40 
13.82 | 14.48 90 
TYP 6.83 8.91 40 
MAX | 13.81 | 17.28 90 
TYP 6.91 8.26 40 
MAX | 13.98 | 16.15 80 
40 
80 
80 


FUNCTION 


OUTPUT 
CURRENT 
Sink/Source 
(mA) 


OUTPUTS 
HARDWIRED 


= 
> 
x< 


OPHE3LJ 48/16 TYP ae 
(G) 
OPHG3LJ 64/16 TYP 
(G) 0. 
OPHO3LJ 10/10 Typ | o. 
(G) 0. 
OPH23LJ TYP | 0. 1 
(G) 0. 


1/8-—SPEED 
3-STATE 
OUTPUT 


T 7.99 

14.15 15.72 

TYP 7.37 8.34 
MAX 14.81 16.34 110 


3 
27 
1. 


— 
5 
< U 


Ive 13.39 17.89 200 
MAX 26.48 34.41 360 
9.71 11.95 
19.29 23.07 
8.49 9.98 
16.99 19.37 150 


4 
4 


2/2 
OPH43LJ 4/4 TYP 0 12. 
(G) 0 
OPH63LJ 6/6 TYP 0 
(G) 0 


=H 
~< 
5 


FUNCTION CHARACTERISTICS 


DELAY TIME DELTA DELAY 


OUTPUT 
CURRENT 
OUTPUTS Sink/Source 
HARDWIRED (mA) 


tPLH tPHL AtpHL 
(ns) (ns) (ps/pF) 
1.52 
2.77 
1.56 1.33 
2.84 2.55 


1.68 1 

3.07 1.94 

‘ 1.71 0.88 

FULL—SPEED 1.71 
TOTEM—POLE 

OUTPUT 1.84 1.87 

3.42 3.58 


OPI20LJ 2/2 4.94 5.25 
9.44 10.01 
OPI40LJ 4/4 3.01 
5.71 


t cmos output delay times are shown. 
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TSC500 SERIES 


1-ym 


14-106 


CMOS STANDARD CELLS 


FULL—SPEED OPEN—DRAIN AND 3—STATE OUTPUTS 


FUNCTION CHARACTERISTICS 
OUTPUT DELAY DELTA 
SINK 
OUTPUTS CELL CURRENT PZL Atp2 
HARDWIRED NAME (ns) (ps/pF) 


OPIG1LJ 
FULL—SPEED 
OPEN—DRAIN 


FUNCTION 


OUTPUT 
CURRENT 
Sink/Source 


DELAY TIME DELTA DELAY 
tpLH | tPpHL | AtptH | AtpHL 
(ns) (ns) (ps/pF) | (ps/pF) 
OPIA3LJ 16/16 0.18 TYP 2.31 
(G) | 0.15 MAX 4.63 
OPIB3LJ 24/16 TYP | 0.18 | 24.7 | TYP 2.86 2.16 
(G) | 0.15 MAX 4.39 
OPIE3LJ 48/16 TYP | 0.18 | 36.7 | TYP 
(G) | 0.15 MAX 
OPIG3LJ 64/16 TYP | 0.18 TYP 3.34 
(G@) | 0.15 MAX | 6.82 
OPIO3LJ 10/10 TYP | 0.18 | 17.8 | TYP 2.71 
(G) | 0.15 MAX | 5.46 
OPI23LJ TYP | 0.18 | 11.8 | TYP 5.87 6.25 170 
(G@) | 0.15 MAX | 11.47 | 12.09 320 
OPI43LJ TYP | 0.18 TYP 3.79 3.98 
0.15 MAX | 7.47 7.77 160 


t cmos output delay times are shown. 


OUTPUTS 
HARDWIRED 


FULL—SPEED 
3-STATE 
OUTPUT 


Wh 


“NW 


— 
> 
on 
— 
ae 
Uv 
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FUNCTION 


OUTPUTS 
HARDWIRED 


1/2—SPEED 
TOTEM—POLE 
OUTPUT 


FUNCTION 


OUTPUTS 
HARDWIRED 


1/2—SPEED 
OPEN—DRAIN 
OUTPUT 


TSC500 SERIES 


1-um CMOS STANDARD CELLS 


1/2—SPEED TOTEM—POLE AND OPEN—DRAIN OUTPUTS 


CELL 


NAME 


OPJAOLJ 


OPJBOLJ 


OPJEOLJ 


OPJGOLJ 


OPJOOLJ 


OPJ20LJ 


OPJ40LJ 


OPJ60LJ 


CELL 
NAME 
OPJAILJ 
OPJB1LJ 
OPJE1LJ 
OPJGILJ 
OPJO1LJ 
OPJ21LJ 


OPJ41LJ 


OPJ61LJ 


CHARACTERISTICS 


OUTPUT 
CURRENT 


Sink/Source 


(mA) 


" 


OUTPUT 
SINK 
CURRENT 


t cmos output delay times are shown. 
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DELAY TIME 


tPLH 
(ns) 


3.11 
6.28 


DELTA DELAY 


tPHL 
(ns) 


DELAY DELTA 


tpZL Atpzi 
(ns) (ps/pF) 


14-107 


TSC500 SERIES 
1-um CMOS STANDARD CELLS 


1/2—SPEED 3—STATE AND 1/4—-SPEED TOTEM—POLE OUTPUTS 


FUNCTION CHARACTERISTICS 
OUTPUT DELAY TIME DELTA DELAY 
CURRENT 
OUTPUTS CELL Sink/Source Cod tPLH tPHL 
HARDWIRED NAME (pF) (ns) (ns) 
OPJA3LJ 16/16 17.3 TYP 4.17 3.96 
MAX 8.45 7.96 
OPJB3LJ 24/16 TYP 4.17 4.38 
MAX 8.46 8.79 
OPJE3LJ 48/16 TYP 4.24 4.19 
MAX 8.6 8.55 
OPJG3LJ 64/16 27 
1/2—SPEED 
3-STATE 
OUTPUT OPJO3LJ 10/10 14.9 hex 4.39 
MAX 8.84 
OPJ23LJ 11.4 TYP 
MAX 


2/2 
OPJ43LJ 4/4 TYP 5.81 6.68 
MAX 11.52 12.94 
OPJ63LJ 6/6 TYP 5.04 5.48 
MAX 10.07 10.72 


FUNCTION CHARACTERISTICS 
OUTPUT DELAY TIME DELTA DELAY 
CURRENT 
OUTPUTS CELL Sink/Source tPLH tPHL AtpLy Atpyt 
HARDWIRED NAME (mA) (ns) (ns) (ps/pF) (ps/pF) 
OPKAOLJ 16/16 ; 4.51 40 
9.01 70 
OPKBOLJ 24/16 5.27 40 
10.33 70 
4.74 
9.36 
4.51 
TOTEM-POLE 
OUTPUT OPKOOLJ 10/10 0. Lae 


4 
4 
£ 
4 


0 
0 
0 
0 
0 
0 
0 
0 


7 
4 
7 
7 
OPK20LJ 12.64 180 
24.19 340 


2/2 
OPK40LJ 4/4 0.17 8.12 100 
15.66 190 
/6 5.83 6.59 70 
11.72 12.84 140 


t cmos output delay times are shown. 
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TSC500 SERIES 
1-um CMOS STANDARD CELLS 


1/4—SPEED OPEN-—DRAIN AND 3—STATE OUTPUTS 


FUNCTION CHARACTERISTICS 


OUTPUT DELAY DELTA 
SINK 
OUTPUTS CELL CURRENT tPZL AtpzL 
HARDWIRED NAME (mA) (ns) (ps/pF) 
OPKAILJ 40 
; 70 
OPKBI1LJ 
OPKE1LJ 


1/4—SPEED 
OPEN—DRAIN 
OUTPUT 


FUNCTION CHARACTERISTICS 
OUTPUT DELAY TIME DELTA DELAY 
CURRENT 
OUTPUTS CELL Sink/Source tpLtH | tpHt | AtptH | AtpHL 
HARDWIRED NAME (mA) (ns) (ns) | (ps/pF) | (ps/pF) 
OPKA3LJ 16/16 5.54 40 40 
11.06 70 70 
OPKB3LJ 24/16 6.46 
12.75 
OPKE3LJ 48/16 
OPKG3LJ 64/16 5.94 
1/4—SPEED 11.93 
3-STATE 
OUTPUT OPKO3LJ 10/10 6.34 
12.52 
OPK23LJ 2/2 14.01 
26.93 
OPK43LJ 4/4 9.26 
17.9 
OPK63LJ 7.65 


14.91 
+ cmos output delay times are shown. 
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TSC500 SERIES 
1-um CMOS STANDARD CELLS 


OR GATES 


FUNCTION CHARACTERISTICS 


DELAY TIME DELTA DELAY 
GATES tpLH | tpHL | AtptH | AtPHL 
HARDWIRED (ns) (ns) (ns/pF) (ns/pF) 


TYP 0.49 0.65 1.09 0.63 

MAX 0.88 1.34 2.12 1.16 

0.58 0.76 0.53 0.38 

1.06 1.63 1.04 0.76 

TYP 0.55 0.67 0.27 0.25 

MAX 0.96 1.39 0.54 0.48 
bie 0.68 
MAX 1.41 


TYP 
MAX 


TI? 
MAX 


4|/ 4 

< 2); 2] 2| 2 

ae) o/ Ul] v 
oO oO oO 
5 am a 
oO a oO 


~< 


~< 
oO 
a 
=k 


E 


EE 
Uv Uv 


4 
< 
UG 


TEXAS ti 
INSTRUMENTS 


14-110 POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


TSC500 SERIES 
1-um CMOS STANDARD CELLS 


OR-AND GATES, OR—NAND GATES, AND OSCILLATORS 


FUNCTION CHARACTERISTICS | 
DELAY TIME DELTA DELAY 
NUMBER 
CELL OUTPUT tpLH | tpHt | AtptH | AtpHL 
NAME DRIVE (ns) (ns) (ns/pF) | (ns/pF) 


_ 2.18 2.13 1.58 
ataitts Y = (A1+A2)-(14+B2 
Y = (A1+A2)-(B1+B2)-(C1+C2 2.13 1.79 
oa2zily | 6 | 1X 1.05 0.74 
OR-NAND 
JoR-NAND Y = (A1+A2)-(B1+B2)-(C1+C2 ; 
Aah WE OA240LJ 8 1X 
Y = (A1+A2):(B1+B2)-(C1+C2)-(D1+D2 ; . 
sates oazaits | 8 | IX 4 0.74 
Y = (A1+A2)-(B1+B2)-(C1+C2)-(D1+D2 
Gi. kee OA320LJ 6 1X 0.97 
Y = (A1+A2+A3):(B1+B2+B3 : 


FUNCTION CHARACTERISTICS 


FREQUENCY 
OSCILLATORS CELL RANGE OUTPUT tPLH tPHL AtpLy 
HARDWIRED NAME DRIVE (ns) (ns) (ps/pF) 


THIRD OSIO1LJ 55 TO 75 8X 1.9 
OVERTONE : 
THIRD OSI02LJ 35 TO 55 4X 
OVERTONE 
THIRD OSIO03LJ 20 TO 35 2X TYP 
OVERTONE 
FUNDAMENTAL OSI04LJ 1 TO 20 1X TYP 

(CMOS input) 
FUNDAMENTAL OSI24LJ 1 TO 20 1X 

(TTL input) 


+ cmos output delay times are shown. 
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TSC500 SERIES 
1-um CMOS STANDARD CELLS 


REGISTERS AND REGISTER FILES 


FUNCTION CHARACTERISTICS REQUIREMENTS 
SWITCHING (C1 = 0) (CLK TO Q OUT) TIMING 
REGISTER/ — y | SETUP | HOLD 
eee DELAY TIME | DELTA DELA (MIN) | (MIN) 
RIPPLE 
COUNTER CELL OUTPUT| NAND tpLH | tpHe | AtptH | AtpHL tsu 
HARDWIRED NAME DRIVE | GATES (pF) (ns) | (ns) | (ns/pF) | (ns/pF) | (ns) 
4-BIT R2401LJ | 175 MHz 1X TYP| 0.11 1.51 | 1.64 0.42 
WITH SERIN 2.97 | 3.31 0.78 
4-BIT R2402LJ | 175 MHz TYP! 0.11 1.83 | 1.71 1.02 
WITH SERIN 3.71 | 3.46 1.98 

1.38 | 1.6 0.6 

2.69 | 3.22 1.16 


4-BIT WITH R2403LJ | 170 MHz 
SERIN AND 
PARALLEL 
1.62 1.06 0.78 
2x 3.31 2.04 1.4 


> 


| 
me) 
EI 

<= zai 


4-BIT WITH R2404LJ | 170 MHz 
SERIN AND 

PARALLEL 

4-BIT R2405LJ | 150 MHz 
WITH CLRZ 

4-BIT WITH R2406LJ | 150 MHz 
CLRZ AND 

COMP. OUT. 

4-BiIT R2407LJ | 150 MHz 
WITH CLRZ 

4-BIT R2408LJ | 185 MHz 
WITH CLRZ 


FUNCTION 


—_ 
d Or 
® @ 
wo— 
( WO 
NO 


TYP} 0.11 
Ma 


i) 
; So 
o 
4 
< 
me) 
oO 
= 


CHARACTERISTICS REQUIREMENTS 


TIMING 


WRITE | WRITE 
WRITE | ADDRESS | ENABLE} DELTA | SETUP | HOLD 
CYCLE} ACCESS |ACCESS| DELAY 


a ey [ao (2 
pei (ns) (ns/pF)} (ns) 


REGISTER ORGANI- 
FILES ZATION 
HARDWIRED (W x B) 


ope 


OUTPUT| GATES 


DRIVE 
710 | TYP | 0.07 T¥r 
(GZ) | 0.09 MAX 
(WZ) } 0.09 
781 | TYP] 0.07 
(GZ) | 0.09 
(WZ) } 0.09 


1.3 

2.9 
0.07 12 
0.09 3.8 
0.09 
0.09 vr 5.5 1.6 
0.13 MAX 12.3 3.5 
0.13 


— 


aa 


262 
NNO 
—_=-O 
hr MO @ 
= 
=4 
>< 
x U 


262|202|e02 
NNS|INNSINNS 
= 6 “oO “oO “oO oO —© 
On W Oo On On oh Nh Om 
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TSC500 SERIES 
1-1m CMOS STANDARD CELLS 


STATIC RANDOM ACCESS MEMORIES 


HARDWIRED ; CHARACTERISTICS REQUIREMENTS 
ELECTRICAL (See Note 11) TIMING 


DATA | ADDRESS 
ENABLE | DELTA | SETUP 
ACCESS |ACCESS| DELAY 


EQUIV 

NA210 

(ORGANI- NAND 
ZATION GATES 
(W x B) (AREA) 


RHOOOLJ 


RHOO2LJ 1X 
(2:1) 


E: 


RHOO3LJ 
(2:1) 


RHOO4LJ 
(2:1) 


RHOOS5LJ 
(2:1) 


—-= 
Os 


> 

oO 

Ww 
rafts 
—o!l]— © 


RHOO7LJ 


RHOO8LJ 1X 
(8:1) 


oS 
ro.) 


—- 
<< 


RHOO6LJ 
(8:1) 


= 
> 


1024 x 8 RHOOSLJ 
(8:1) 

2048 x 4 RHO10LJ 
(16:1) 

2048 x 8 RHO11LJ 
(16:1) 


t overall area is determined by factors other than bit-density. 


@ 
Oo 
o 
4 
2 


+ 


NOTE 11: Power dissipation components are: IGCcTOTAL = (ICCQREAD or IGCQWRITE) + IGGcDYNAMIC 
ICCQREAD = (Word length) - (3.65 mA MAX) + (Column MUX Ration) » (Word length) - (0.789 mA MAX) 
ICCQWRITE = (Word length) - (2.55 mA MAX) + (Word length) - (Column MUX Ration — 1) + (0.789 mA MAX) 
ICCDYNAMIC = (Cyq) * (Voc) + (MAX freq of READS or WRITES to the RAM) 
ICCSTANDBY = 10 HA per memory cell. IGCAVE = [IcCTOTAL - (%Active)} + [(IGGSTANDBY) + AMIC- (%STANDBY)]/2 


TEXAS ti 
INSTRUMENTS 


POST OFFICE BOX 655012 © DALLAS, TEXAS 75265 14-113 


TSC500 SERIES 
1-um CMOS STANDARD CELLS 


FUNCTION 
SHIFT 
REGISTERS MACRO OUTPUT 
SOFTWARE NAME LENGTH DRIVE 


SIPO S164LJ 8-BITS 
WITH CLRZ 

PISO S165ALJ 8-BITS 
WITH CLKINH 

PISO S166LJ 8-BITS 
WITH CLRZ 


1X MULTI} 14.1 | TYP 2. 
MAX 4. 
PIPO S194ALJ 4-BITS 1X 52.75 | TYP | MULTI| 10.5 | TYP 
BIDIRECTIONAL MAX 
WITH CLRZ 
PIPO S195ALJ 4-BITS 1X 1.6 P | MULTI] 9.04 | TYP 
WITH CLRZ MAX 
PIPO S299LJ 8-BITS 1X 127 
BIDIRECTIONAL 
WITH CLRZ 
| 
- 
| 


SHIFT REGISTERS 


CHARACTERISTICS 
SWITCHING (C, = 0) (See Note 12) 


DELAY TIME DELTA DELAY 
tpLH | tpHt | Atpty | AtpHL 
(ns) (ns) (ns/pF) (ns/pF) 
10. TYP 1.5 1.6 0.62 0.42 
MAX 3 3.3 1.22 0.78 
4 


20.35 


o fos) 

D o 
4 4 4 
< < ~< 
U Uv Uv 

= 

= 

c: 

= 

=H 

8 

<x U 

op 

OW! on 

o 

“7 oO 

—O 

oO 

Sw 

NUD 


bf 1.8 

3.5 

YP | MULTI | 24.48 TYP 2.3 

MAX 4.6 

PIPO S299XLJ 8-BITS 101.25 TYP | MULTI} 20.2 TYP 1.6 

BIDIRECTIONAL ; MAX 3.2 
WITH CLR2Z 

SIPO 3-STATE S595LJ 8-BITS ¥. 

WITH CLRZ 

3.1 

6.4 

3.5 

6.7 


: 2 = aN! OS = N 
on Na] ON Onl aa 


36 TYP 
MAX 


172.5 TYP | MULTI | 37.62 Lwin 
MAX 


42.34 


TYP | MULTI] 19.76 | TYP 
MAX 
SIPO S598XLJ 8-BITS 
WITH CLRZ 


PIPO S651LJ 8-BITS 
BIDIRECTIONAL 

PIPO S652LJ 8-BITS 
BIDIRECTIONAL 


NOTE 12: Specific timing data regarding pulse duration, setup time, and hold time models are incorporated in the engineering workstation 
library. 
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TSC500 SERIES 
1-um CMOS STANDARD CELLS 


TOGGLE FLIP—FLOPS, SCAN FLIP-FLOPS, AND LATCHES 


CELL OUTPUT 
NAME DRIVE 


145 MHz TAB20LJ 2X 7.5 TYF 1.61 

WITH CLRZ 

AND PREZ 

165 MHz TAC20LJ 2X 6.75 TYP 1.72 TYP 
WITH CLRZ MAX 
165 MHz TAP20LJ 2X ; Be 

WITH PREZ 


FUNCTION REQUIREMENTS 
TIMING 
SCAN 
FLIP-FLOPS SETUP | HOLD 
AND DELAY TIME DELTA DELAY (MIN) | (MIN) 
LATCHES 
HARDWIRED CELL | OUTPUT AtptH | AtpHL 
(felock) NAME DRIVE (ns) (ns/pF) | (ns/pF) 
76 MHz TDB10LJ 1X 7 | Ty 1 | TYP 2.59 1:76 1.12 1.12 
MAX | 3.37 3.89 2.2 2.35 
135 MHz TDC10LJ 1X 0.08 TYP 1.31 1.31 
WITH CLRZ MAX 2.6 2.54 
100 MHz TDC1iLJ 1X 1.56 1. 
WITH CLRZ 
TDN10LJ ; 


FUNCTION CHARACTERISTICS | 


SWITCHING (C, = 0) (CLK TO Q OUT) 


DELAY TIME DELTA DELAY 


tPLH tPHL AtpLy AtPHL 
(ns) (ns) (ns/pF) (ns/pF) 
1.20 0.54 0.3 
2.52 . 0. 
3 
0 


TOGGLE 
FLIP-FLOPS 
HARDWIRED 


(clock) 


— 
—s 


oO 
MN 


0.56 0 
1.08 


6 
7 
6 
7 


09 
2.09 


3.75 


3 0 
tw=3 ns MIN 
3 0 
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TSC500 SERIES 
1-um CMOS STANDARD CELLS 


POWER-UP CLEAR, PULL-UP, PULL—~DOWN TERMINATORS, AND HI/LO 


FUNCTION | CHARACTERISTICS 
POWER-UP 
CLEAR CELL CELL OUTPUT 
HARDWIRED NAME DRIVE 


ELECTRICAL SWITCHING 
OPERATES PUCOOLJ 1x 14.75 
FROM Voc 


POWERED DIRECTLY MIN OUTPUT PULSE WIDTH = 30 ns 
BY Vcc at Voc RISE TIME = 50 ns 


FUNCTION EQUIVALENT TYPICAL 
TERMINATORS CELL NA210 TYPE OF CURRENT 
HARDWIRED NAME NAND GATES TERMINATION (HA) 


FOR 3-STATE 
1/Os AND 
INPUTS 


PRO95LJ PULL-UP 
PROOSLJ _ PULL-UP 
DELAY TIME DELTA DELAY 


FUNCTION 
TIEOFF FOR 
UNUSED 
INPUTS CELL OUTPUT tPLH tPHL AtPLH AtPHL 
HARDWIRED NAME DRIVE (ns) (ns) (ns/pF) | (ns/pF) 


HI/LO TOO10LJ 1X TYP? NIL Tip N/A N/A N/A N/A 
MAX N/A N/A N/A N/A 


CHARACTERISTICS 
SWITCHING (C; =0) (CLK TO Q) 
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TSC500 SERIES 
1-um CMOS STANDARD CELLS 


TEST—PORT CONTROLLERS 


FUNCTION CHARACTERISTICS REQUIREMENTS 
SWITCHING (C;_ = 0) (CLK TO Q OUT) TIMING 

PARALLEL 
MegaModule Y TIM Y SETUP HOLD 
ee lg DELA E | DELTA DELA (MIN) (MIN) 
CONTROLS 
HARDWIRED CELL | OUTPUT tpLH | tpHt | AtptH | AtpHt | tsu 
(felock) NAME DRIVE (ns) (ns) | (ns/pF) | (ns/pF) (ns) 


tw = 2.3 ns MIN 
0 


Not 
Applicable 


4 
4 


INPUT TPOOSLJ 
BUFFER 


TEST TPOO8LJ X 
OUTPUT 

X 5 ‘ ‘ 
OUTPUT TPO1OLJ 4X : : ; ; Not 
BUFFER ‘ ; : Applicable 
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14-118 


SMJ320 FIRST-GENERATION 
DIGITAL SIGNAL PROCESSORS 


APRIL 1990 
JD PACKAGE WINDOWED JD PACKAGE 
® 144/256-Word On-Chip Data RAM (TOP VIEW) (TOP VIEW) 
. : Pid A1/PA1 L] 1 A2/PA2 ~—s A1/PA1(]1-U =40[ aaypae 
1.5K/4K-Word On-Chip Program ROM ao/Pao C4 2 - AO/PAO [| 2 aot] a3 
* 4K-Word On-Chip Program EPROM pail L} 3 A4 — ; 3 5 A4 
SMJ320E15 Riis a ae AS 
( ) INT A INT [5 361] A6 
* EPROM Code Protection for CLKOUT A7 CLKOUT [6 35| | A7 
Copyright Securit x1 A8 x1 7 341) AB 
ies : X2/CLKIN MEN = X2/CLKINL]8 33| | MEN 
* 4K-Word Total External Memory at BIO DEN BIO L}9 321] DEN 
Full Speed Vss WE Vgg Lj 10 311] WE 
D8 Voc Ds L}11 301] Vec 
* 32-Bit ALU/Accumulator D9 AQ D9 |] 12 291 | AQ 
— D10 A10 D10 LJ 13 28] | A10 
°* 16 x 16-Bit Multiplier with a D114 Att 0414 271] Att 
32-Bit Product D12 DO O12 Lj 1s 261 | DO 
: ; ; D13 D1 D13 L] 16 251] D1 
0 to 16-Bit Barrel Shifter D14 D2 p14 oat] D2 
i D15 D3 D15 |} 18 231} D3 
Eight Input and Eight Output Channels D7 ~ ae Plan oot] D4 
°* 16-Bit Bidirectional Data Bus with D6 D5 D6 21} } DS 
up to 50-Mbps Transfer Rate 
* Single 5-V Power Supply SMJ320C10, SMJ320C15 
FD PACKAGE 
* Class B High Reliability Processing (TOP VIEW) 
* CMOS Technology: 
— SMJ320C10-14...... 280-ns cycle time 
— SMJ320C10......... 200-ns cycle time 
— SMJ320C10-25...... 160-ns cycle time 
— SMJ320C15......... 200-ns cycle time CLKOUT 
— SMJ320C15-25...... 160-ns cycle time x1 
— SMJ320E15 (EPROM) 200-ns cycle time X2/CLKIN 
BIO 
. - NC 
This integrated SMJ320 digital signal processor Ves 
family data sheet provides complete design D8 
documentation for all first-generation, high-reliability, D9 
CMOS DSP devices facilitating the selection of the D10 
devices best suited for user applications. Generic D11 
information is presented first, followed by specific D12 
device information. An index is provided for quick 
reference to specific information about a device. 
PRODUCTION DATA documents contain information current Copyright © 1990, Texas Instruments Incorporated 
as of publication date. Products conform to specifications per 4 
the terms of Texas Instruments standard warranty. Production TEXAS f 
processing does not necessarily include testing of all 
parameters, INSTRUMENTS 
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introduction 


The SMJ320 family of 16/32-bit single-chip CMOS Digital Signal Processors combines the flexibility of a 
high-speed controller with the numerical capability of an array processor, thereby offering an inexpensive 
alternative to multichip bit-slice processors. The SMJ320 family’s unique versatility and power give the design 
engineer anew approach to a variety of complicated applications. In addition, these microcomputers are capable 
of providing the multiple functions often required for a single application. For example, the SMJ320 family can 
synthesize and recognize speech, sense objects with radar or optical intelligence, and perform mechanical 
operations through digital servo loop computations. 


The SMJ320 family consists of three DSP generations. The first generation includes the SMJ320C10 and its 
spinoffs as described in this data sheet. The second generation includes the SMJ32020, the SMJ320C25 and 
the SMJ320E25 which are designed for higher performance. The third generation product is the SMJ320C30, 
the first floating point DSP. Its 60-ns cycle time allows execution of more than 33 million floating point operations 
per second (MegaFLOPS). 


While many features are common throughout the SMJ320 DSP family, specific features are provided in each 
processor to provide different cost/performance tradeoffs. Software compatability is maintained throughout the 
SMJ320 family to protect the user’s investment in architecture. Software and hardware tools are available for 
each DSP to facilitate rapid design. 


description 


The SMJ320C10 Digital Signal Processor operates at 20 MHz, and has a 200-ns cycle time. Its CMOS process 
technology permits it to achieve a power dissipation of less than one-sixth that of an equivalent NMOS DSP. This 
significantly lower power dissipation makes the SMJ320C10 ideal for power-sensitive applications such as 
man-packed battery-backed radios. 


The SMJ320C10-14, a 14 MHz version, low power dissipation CMOS DSP, has a 280-ns instruction cycle time. 
It provides a low-cost alternative for DSP applications not requiring the maximum operating frequency of the 
SMJ320C10. 


The CMOS SMJ320C10-25 operates at 25 MHz, has a 160-ns instruction cycle time, and is well suited for low 
power dissipation, high-performance DSP applications. 


All versions of the SMJ320C10 DSP are object-code and pin-for-pin compatible with the SMJ32010 DSP. 


The SMJ320C15, SMJ320C15-25, and the SMJ320E15 CMOS devices are object-code and pin-for-pin 
compatible with the SMJ32010 and offer expanded on-chip RAM of 256 words, and on-chip ROM or EPROM 
of 4K words. The SMJ320C15, a 20 MHz version, has a 200-ns cycle time. The SMJ320C15-25, a 25.6 MHz 
version, operates with a 160-ns cycle time. The SMJ320E15 (EPROM), a 20 MHz version, operates at a 200-ns 
cycle time. These devices within the CMOS SMJ320 DSP family allow the on-chip capability of upgrading 
performance while reducing power requirements, board space, and system cost without hardware or software 
redesign. 


Table 1 provides an overview of the SMJ320 first generation DSPs within this data sheet. For specific availability, 
contact the nearest TI sales office. 
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SMJ320 FIRST-GENERATION 
DEVICES 


TABLE 1. SMJ320 FIRST-GENERATION DEVICE OVERVIEW 


MEMORY VO PACKAGE 


DEVICE ON-CHIP OFF-CHIP PAR TYPE 
RAM ROM EPROM | EXPANSION DIP LCCC 
4K 


SMJ320010-14 


SMJ320C10 4K 
SMJ320C10-25 4K 
SMJ320C015 4K 
SMJ320C015-25 4K 
SMJ320E15 4K 


PIN NOMENCLATURE (SMJ320C10, SMJ320C15, SMJ320E15") 


| NAME —|s-Vojzt | DEFINITION 

}A11-A0/PA2-PA0 | 0 | External address bus. I/O port address multiplexed over PA2-PAO 
Li External polling input 

}CLKOUT (ss s| OO System clock output, 1/4 crystal/CLKIN frequency 

16-bit parallel data bus 

‘DEN | Data enable for device input data on D15-D0 

INT oT External interrupt input 

}mMc/MP | Memory mode select pin. High selects microcomputer mode. Low selects microprocessor mode. 
‘MEN =| O | Memory enable indicates that D15-D0 will accept external memory instruction. 

i ea No connection; make no external connection to this pin. 

RST Reset for initializing the device 

[esd Gon SCSC—~sSCSCSCSSCSCSSSS 
WE | 0 | White enable fordevies ouiputdataonDiSDO SSCS 
xi —S*Y =O | Crystal outputtorintemaloscilator—SSSCSC~—CSCSCS 
|X2/CLKIN, | 

* See EPROM programming section. 


* Input/Output/High-impedance state. 


Crystal input for internal oscillator or external system clock input 


j 
TEXAS sg 
INSTRUMENTS 


POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001 14-121 


SMJ320 FIRST-GENERATION 
DEVICES 


Key Features: SMJ320C10 


Instruction Cycle Timing: 
— 160-ns(SMJ320C10-25) 
— 200-ns (SMJ320C10) 

— 280-ns (SMJ320C10-14) 


144 Words of On-Chip Data RAM 
1.5K Words of On-Chip Program ROM 


External Memory Expansion up to 4K Words 
at Full Speed 


16 x 16-Bit Multiply in One Instruction Cycle 
0 to 16-Bit Barrel Shifter 


Object Code and Pin-for-Pin Compatible 
with SMJ32010 


On-Chip Clock Oscillator 
Single 5-V Power Supply 


Device Packaging: 
— 40-PinSide-Brazed Ceramic DIP 
— 44-Pad Leadless Ceramic Chip Carrier 


Key Features: SMJ320C15/E15 


Instruction Cycle Timing: 


— 160-ns (SMJ320C15-25) 
— 200-ns (SMJ320C15/E15) 


256 Words of On-Chip Data RAM 


4K Words of On-Chip Program ROM 
(SMJ320C15/C15-25) 


4K Words of On-Chip Program EPROM 
(SMJ320E15) 


External Memory Expansion up to 4K Words 
at Full Speed 


EPROM Code Protection for Copyright Security 


Object Code and Pin-for-Pin Compatible with 
SMJ32010 


16 x 16-Bit Multipler with 32-Bit Product 
0 to 16-Bit Barrel Shifter 

On-Chip Clock Oscillator 

Single 5-V Power Supply 

CMOS Technology 


Class B Processing 


+5 V GND 


DATA (16) 


ADDRESS (12) 


SHIFTERS 


16-Bit Instruction Data Word 
32-Bit ALU/Accumulator 


CMOS Technology 


Class B Processing 


+5 V GND 


DATA (16) 


ADDRESS (12) 


SHIFTERS 


Device Packaging: 


— 40-PinSide-Brazed Ceramic DIP 
(SMJ320C15, SMJ320C15-25) 

— 40-Pin Side Brazed Windowed 
Ceramic DIP (SMJ320E15) 

— 44-Pad Leadless Ceramic Chip Carrier 
(SMJ320C15) 
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SMJ320010, SMJ320010-25, SMJ320C10-14 
SMJ320015, SMJ320015-25, SMJ320E15 


functional block diagram (SMJ320C10, SMJ320C15, SMJ320E15) 


x1 
CLKOUT X2/CLKIN 


D15-D0 


PROGRAM 


ROM/EPROM 
A11-A0/ CSF 
PA2-PAO WORDS) 16 


= 
Q 
| 2| =| 5) || =| 
[Mux \ 
CONTROLLER 


T16 . 
MULTIPLIER 


ARP Ee 


raat 


LEGEND: 
ADDRESS 
ACC = Accumulator 
ARP = Auxiliary register ponter DATA RAM 
ARO = Auxiliary register 0 (144/256 WORDS) 
AR1 = Auxiliary register 1 [DATA 
DP = Data page pointer DATA 
PC = Program counter 
P = P register 16 SHIFTER (0, 1, 4) 
T = T register 


DATA BUS 
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architecture 


The SMJ320 family utilizes a modified Harvard architecture for speed and flexibility. In a strict Harvard 
architecture, program and data memory lie in two separate spaces, permitting a full overlap of instruction fetch 
and execution. The SMJ320 family’s modification of the Harvard architecture allows transfers between program 
and data spaces, thereby increasing the flexibility of the device. This modification permits coefficients stored in 
program memory to be read into the RAM, eliminating the need for a separated coefficient ROM. It also makes 
available immediate instructions and subroutines based on computed values. 


32-bit ALU/accumulator 


The SMJ320 first-generation devices contain a 32-bit ALU and accumulator for support of double-precision, 
two’s-complement arithmetic. The ALU is a general-purpose arithmetic unit that operates on 16-bit words taken 
from the data RAM or derived from immediate instructions. In addition to the usual arithmetic instructions, the 
ALU can perform Boolean operations, providing the bit manipulation ability required of a high-speed controller. 
The accumulator stores the output from the ALU and is often an input to the ALU. It operates with a 32-bit 
wordlength. The accumulator is divided into a high-order word (bits 31 through 16) and a low-order word (bits 
15 through 0). Instructions are provided for storing the high- and low-order accumulator words in memory. 


shifters 


Two shifters are available for manipulating data. The ALU barrel shifter performs a left-shift of 0 to 16 places on 
data memory words loaded into the ALU. This shifter extends the high-order bit of the data word and zero-fills 
the low-order bits for two’s-complement arithmetic. The accumulator parallel shifter performs a left-shift of 0, 1, 
or 4 places on the entire accumulator and places the resulting high-order accumulator bits into data RAM. Both 
shifters are useful for scaling and bit extraction. 


16 x 16-bit parallel multiplier 


The multiplier performs a 16 x 16-bit two’s-complement multiplication with a 32-bit result in a single instruction 
cycle. The multiplier consists of three units: the T Register, P Register, and multiplier array. The 16-bit T Register 
temporarily stores the multiplicand; the P Register stores the 32-bit product. Multiplier values either come from 
the data memory or are derived immediately from the MPYK (multiply immediate) instruction word. The fast 
on-chip multiplier allows the device to perform fundamental operations such as convolution, correlation, and 
filtering. 


data and program memory 


Since the SMJ320 devices use a Harvard architecture, data and program memory reside in two separate spaces. 
The first-generation devices have 144 or 256 words of on-chip data RAM and 1.5K or 4K words of on-chip 
program ROM. On-chip program EPROM of 4K words is provided on the SMJ320E15. The EPROM cell utilizes 
standard PROM programmers and is programmed identically to a 64K CMOS EPROM (SMJ27C64). 


program memory expansion 


The first-generation devices are capable of executing up to 4K words of external memory at full speed for those 
applications requiring external program memory space. This allows for external RAM-based systems to provide 
multiple functionality. 


interrupts and subroutines 


The SMJ320 first-generation devices contain a four-level hardware stack for saving the contents of the program 
counter during interrupts and subroutine calls. Instructions are available for saving the device’s complete context. 
PUSH or POP instructions permit a level of nesting restricted only by the amount of available RAM. The interrupts 
used in these devices are maskable. 
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microcomputer/microprocessor operating modes (SMJ320C10/C15) . 
The SMJ320C010 and SMJ320C15 devices offer two modes of operation defined by the state of the MC/MP pin: 
the microcomputer mode (MC/MP = 1) or the microprocessor mode (MC/MP = 0). In the microcomputer mode, 
on-chip ROM is mapped into the memory space with up to 4K words of memory available. In the microprocessor 
mode, all 4K words of memory are external. 


input/output 
The 16-bit parallel data bus can be utilized to perform I/O functions in two cycles. The I/O ports are addressed 


by the three LSBs on the address lines. In addition, a polling input for bit test and jump operations (BIO) and an 
interrupt pin (INT) have been incorporated for multitasking. 


instruction set 


A comprehensive instruction set supports both numeric-intensive operations, such as signal processing, and 
general-purpose operations, such as high-speed control. All of the first-generation devices are object-code 
compatible and use the same 60 instructions. The instruction set consists primarily of single-cycle single-word 
instructions, permitting execution rates of more than six million instructions per second. Only infrequently used 
branch and |/O instructions are multicycle. Instructions that shift data as part of an arithmetic operation execute 
in a single cycle and are useful for scaling data in parallel with other operations. 


Three main addressing modes are available with the instruction set: direct, indirect, and immediate addressing. 


direct addressing 


In direct addressing, seven bits of the instruction word concatenated with the 1-bit data page pointer form the 
data memory address. This implements a paging scheme in which the first page contains 128 words, and the 
second page contains up to 128 words. 


indirect addressing 


Indirect addressing forms the data memory address from the least-significant eight bits of one of the two auxiliary 
registers, ARO-AR1. The Auxiliary Register Pointer (ARP) selects the current auxiliary register. The auxiliary 
registers can be automatically incremented or decremented and the ARP changed in parallel with the execution 
of any indirect instruction to permit single-cycle manipulation of data tables. Indirect addressing can be used with 
all instructions requiring data operands, except for the immediate operand instructions. 


immediate addressing 


Immediate instructions derive data from part of the instruction word rather than from the data RAM. Some useful 
immediate instructions are multiply immediate (MPYK), load accumulator immediate (LACK), and load auxiliary 
register immediate (LARK). 


instruction set summary 


Table 2 lists the symbols and abbreviations used in Table 3, the instruction set summary. Table 3 contains a short 
description and the opcode for each SMJ320 first-generation instruction. The summary is arranged according 
to function and alphabetized within each functional group. 


TABLE 2. INSTRUCTION SYMBOLS 


SYMBOL MEANING 
ACC Accumulator 
Data memory address field 


Addressing mode bit 


Immediate operand field 

3-bit port address field 

1-bit operand field specifying auxiliary register 
4-bit left-shift code 

3-bit accumulator left-shift field 
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MNEMONIC 


MNEMONIC 


14-126 


TABLE 3. SMJ320 FIRST-GENERATION INSTRUCTION SET SUMMARY 


ACCUMULATOR INSTRUCTIONS 


DESCRIPTION 


Absolute value of accumulator 

Add to accumulator with shift 

Add to high-order accumulator bits 

Add to accumulator with no sign extension 
AND with accumulator 

Load accumulator with shift 

Load accumulator immediate 

OR with accumulator 

Store high-order accumulator bits with shift 
Store low-order accumnulator bits 
Subtract from accumulator with shift 
Conditional! subtract (for divide) 


Subtract from high-order accumulator bits 


Subtract from accumulator with no sign extension 


Exclusive OR with accumulator 
Zero accumulator 
Zero accumulator and load high-order bits 


Zero accumulator and load low-order bits with no sign extension 


DESCRIPTION 
15 

Load auxiliary register 
Load auxiliary register immediate 
Load auxiliary register pointer immediate 
Load data memory page pointer 
Load data memory page pointer immediate 
Modify auxiliary register and pointer 


Store auxiliary register 


Texas 
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OPCODE 


INSTRUCTION REGISTER 


OPCODE 


INSTRUCTION REGISTER 


11 


10 9 8 7 6 5 4 3 2 
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TABLE 3. SMJ320 FIRST-GENERATION INSTRUCTION SET SUMMARY (continued) 


BRANCH INSTRUCTIONS 
OPCODE 
MNEMONIC DESCRIPTION . : INSTRUCTION REGISTER 


100 00 0 0 0 0 
Branch unconditionally <+$—\————— BRANCH ADDRESS —————_> 


0 1 0 0 0 0 0 0 0 0 0 0 
<< BRANCH ADDRESS ————-> 
1 1 6 1000 0 0 0 0 0 
<+——— BRANCH ADDRESS ——> 
1 1 0 0 0 0 0 0 0 0 0 0 
Branch if accumulator > 0 ?+—\————. BRANCH ADDRESS ———_> 
0 1 1000000000 
<+—————— BRANCH ADDRESS ————> 
1 O 1 1 00 00 0 00 0 
Branch if accumulator = 0 + BRANCH ADDRESS ——_> 
160t 82M 6&6 6 & o 6G 8 8 
Branch if accumulator < 0 + BRANCH ADDRESS ——_> 


Branch on auxiliary register not zero 


Branch if accumulator 2 0 


Branch on BIO = 0 


it if @ oO 6 6 6 6 
Branch if ac lator # 0 
ranch if accumulator $————_- BRANCH ADDRESS ———_> 


0 1 000000000 0 
Branch on overflow +. BRANCH ADDRESS ——_> 
141% 7 00000 8 0 @ 
?$—————— BRANCH ADDRESS ——> 


Branch if accumulator = 0 


Call subroutine from accumulator 


Call subroutine immediately 


<+—\————— BRANCH ADDRESS ————_> 


Return from subroutine or interrupt routine 1 1 t+ tt @ O08 @ 1 7 8 fF 


OPCODE 
MNEMONIC DESCRIPTION . . INSTRUCTION REGISTER 
15 14 13 
Add P register to accumulator 
Load T Register 
LTA combines LT and APAC into one instruction 
LTD combines LT, APAC, and DMOV into one instruction 
Multiply with T register, store product in P register 


Multiply T register with immediate operand; store product 
in P register 


Load accumulator from P register 


Subtract P register from accumulator 
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TABLE 3. SMJ320 FIRST-GENERATION INSTRUCTION SET SUMMARY (concludeq) 


CONTROL INSTRUCTIONS 


OPCODE 
MNEMONIC DESCRIPTION ime ne. INSTRUCTION REGISTER 
CYCLES | WORDS 


15 14 13 12 11 
Disable interrupt 
Enable interrupt 
Load status register 
No operation 
POP stack to accumulator 
PUSH stack from accumulator 
Reset overflow mode 


Set overflow mode 


Store status register 


1/0 AND DATA MEMORY OPERATIONS 


OPCODE 
M ONIC RIPTION - lo INSTR ION REGISTER 
NEMON DESC CYCLES | WORDS UCTIO 


15 13 12 11 10 9 8 7 6 5 2 1 #0 
Copy contents of data memory location into next higher location 
Input data from port 
Output data to port 
Table read from program memory to data RAM 


Table write from data RAM to program memory 


development support products 


Texas Instruments offers an extensive line of development products to assist the user in all aspects of SMJ320 
first-generation-based design and development. These products range from development and application 
software to complete hardware development and evaluation systems such as the XDS/22. Table 4 lists the 
development support products for the first-generation SMJ320 devices. 


System development begins with the use of the Evaluation Module (EVM) or Emulator (XDS). These hardware 
tools allow the designer to evaluate the processor’s performance, benchmark time-critical code, and determine 
the feasibility of using a SMJ320 device to implement a specific algorithm. 


Software and hardware can be developed in parallel by using the macro assembler/linker and simulator for 
software development and the XDS for hardware development. The assembler/linker translates the system’s 
assembly source program into an object module that can be executed by the simulator, XDS, or EVM. The XDS 
provides realtime in-circuit emulation and is a powerful tool for debugging and integrating software and hardware 
modules. 


Additional support for the SMJ320 products consists of an extensive library of product and applications 
documentation. Three-day DSP design workshops are offered by the TI Regional Technology Centers (RTCs). 
These workshops provide insight into the architecture and the instruction set of the first-generation SMJ320s as 
well as hands-on training with the SMJ320 development tools. When technical questions arise in regard to a 
SMJ320 member, contact Texas Instruments TMS320 Hotline (713) 274-2320. Or, keep informed on the latest 
TI and third-party development support tools by accessing the libraries of application source code via the DSP 
Bulletin Board Service (BBS) at (713) 274-2323. The BBS provides access for the 2400-/1200-/300-bps 
modems. 


j 
TEXAS vg 
INSTRUMENTS 


14-128 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001 


SMJ320 FIRST-GENERATION 
DEVICES 


SEES AG CNT NR BR SE EMIS SEE TS ED I 8 TIRE SS ES A FREE ERES ALPS SS RT EEE BS RITES TOE MEE SEALS AMES LW REE EE BOC LOE, 
TABLE 4. TMS320 FIRST-GENERATION SOFTWARE AND HARDWARE SUPPORT 


SOFTWARE TOOLS PART NUMBER 


Macro Assembler/Linker 
PC/MS-DOS TMDS3242850-02 
VAX/VMS TMDS3242250-08 
VAX ULTRIX TMDS3242260-08 
SUN-3 UNIX TMDS3242550-08 
Simulator 
PC/MS-DOS TMDS3240811-02 
VAX/VMS TMDS3240211-08 
Digital Filter Design Package (DFDP) 
IBM PC PC-DOS DFDP/IBM002 
DSP Software Software Library 
PC/MS-DOS TMDC3240812-12 
VAX/VMS TMDC3240212-18 


TMS320 Bell 212A Modem Software 
PC/MS-MOS TMDX3240813-12 


Data Encryption Standard Software 
PC/MS-DOS TMDX3240814-12 


HARDWARE TOOLS PART NUMBER 


Evaluation Tools 
Evaluation Module (EVM) RTC/EVM320A-03 
Analog Interface Board 1 (AIB1) RTC/EVM320C-06 
Analog Interface Board 2 (AIB2) RTC/AIB320A-06 


XDS/22 Emulators 

TMS320C10/C15 TMDS3262211 
XDS/22 Upgrade Kits 

TMS32010 — TMS320C10/C15 TMDS3282215 
EPROM Programming Adaptor Sockets 

40- to 28-pin (TMS320E15) RTC/PGM320A-06 
Additional Target Connector 

44-pin (TMS320C10/C15) TMDX3288810 


documentation support 


Extensive documentation supports the first-generation SMJ320 devices from product announcement through 
applications development. The types of documentation include data sheets with design specifications, complete 
user’s guides, and 750 pages of application reports published in the book Digital Signal Processing Applications 
with the TMS320 Family. 


A series of DSP textbooks is being published to support digital signal processing research and education. The 
first book, DFT/FFT and Convolution Algorithms, is now available. The TMS320 newsletter, Details on Signal 
Processing, is published quarterly and distributed to update TMS320 customers on product information. The 
TMS320 DSP bulletin board service board service provides access to large amounts of information pertaining 
to the TMS320 family. 


Refer to the TMS320 Family Development Support Reference Guide for further information about TMS320 
documentation. To receive copies of first-generation SMJ320 literature, call the Customer Response Center at 
1-800-232-2300. 
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DEVICE ELECTRICAL SPECIFICATIONS 


This section contains all the electrical specifications for the SMJ320 CMOS first-generation devices. Refer to the top 
corner for the specific device. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supoy Yorade TANG (805 MOIS T) cas succeenss deeeescewennne pendvaiseee s (800808 43 48% 88 -0.3Vto7V 
Input voltage range : SMJ320C10/C10-14/C10-25/C15/C15-25 ook eee eee —-0.3Vto7V 
SI GGU EI 545655565405 52005 488 b 9d NN eRe AAG OE EdRD RR ERESESD —0.3Vto15V 

CE VEAOO TRS a50 réads Fie e0o5ngse6ogns 6n0y5400eS tHE S2.0H00 bs EERs bansaenancayns —0.3Vto7V 
Continuous power dissipation: SMJ3ZOG10/C15 9... .c cece ance cece se een nebecbns beeeeese vans 275 mW 
SN LENG. br ivhee ecreaw ies i caver ebndeiages st ehbendstawes 275 mW 

SOC TOO GIG20 beng aawers veneaawadehxeuws Week eeen vines 330 mW 

SWWOCCE IG acvxusigdacveansaaens veces anene veer cawneseewweee 495 mW 

Maximum operating case temperature .....cccs. cece cesaceenssecveuvuuvesttevecvetsuseuvens 126 C 
Minin OPEratnG WEE-Air 1TEMPSrAtUTS cae cc soc nd ds cena Kees redee Oa Hen RETO Redman eee b nme ~55 C 
Sierage temperStUTe: xn ve ck added saecanne¥e deen sonnenesadindundtsianiuawudtonraneas ~65 Cto 150 C 


' Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and 
functional operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of 
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: Under “Absolute Maximum Ratings”, all voltage values are with respect to Vgg. 


recommended operating conditions 


Voc Supply voltage 
Vss Supply voltage 
All inputs except CLKIN 2 
iy” Hictelevalinputvettade 


CLKIN 3 


All inputs except MC/MP 
MC/MP 


Vit Low-level input voltage 


lou High-level output current (all outputs) 
lov Low-level output current (all outputs) 
Té Operating free-air temperature 

To Operating case temperature 


electrical characteristics over specified temperature range (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP* MAX | UNIT 


Vou High-level output voltage V 


Se Vog = MAX [Vor2av | OT, 
-State output Curren _ 
— Ven = Vecto V., LL inputs except CLKIN - 
nput curren : : 
| - a a CLKIN “ 
Dat 
C; Input capacitance’ 
All others | 
pee Tay Te BI 
C, Output capacitance ata bus 
All others 


* All typical values are at Voc = 5 V, Ta = 25°C. 

§ This parameter is not production tested. 

NOTE 2: _ This voltage specification is included for interface to HC logic. However, note that all of the other timing parameters defined in this 
data sheet are specified for TTL logic levels and will differ for HC logic levels. 
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FIGURE 1. INTERNAL CLOCK OPTION 


PARAMETER MEASUREMENT INFORMATION 


2.15 V 


RL = 825 Q 


FROM OUTPUT 
UNDER TEST 
TEST 
POINT 


T C, = 100 pF 


FIGURE 2. TEST LOAD CIRCUIT 


Vin (MIN) Von (MIN) 


Vit (MAX) Vor (MAX) 


(a) INPUT (b) OUTPUTS 


FIGURE 3. VOLTAGE REFERENCE LEVELS 
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SMJ320010-14 
SMJ320C10 
SMJ320010-25 


electrical characteristics over specified termperature range (unless otherwise noted) 


TEST CONDITIONS t 
PARAMETER e-e FIGURES MIN TYPt MAX] UNIT 
SMJ320C10-14 f = 14.4 MHz, Vog = 5.5 V 
SMJ320C10 f = 20.5 MHz, Veo = 5.5 V 


SMJ320C10-25 ' f = 25.6 MHz, Vog = 5.5 V 


T All typical values are at Voc = 5 V, Ta = 25°C. 
¢ Icc characteristics are inversely proportional to temperature, i.e., |g decreases approximately linearly with temperature. 


loc? Supply current 


CLOCK CHARACTERISTICS AND TIMING 


The SMJ320C10 can use either its internal oscillator or an external frequency source for a clock. 


internal clock option 


The internal oscillator is enabled by connecting a crystal across X1 and X2/CLKIN (see Figure 1). The frequency 
of CLKOUT is one-fourth the crystal fundamental frequency. The crystal should be fundamental mode, and 
parallel resonant, with an effective series resistance of 30 ohms, a power dissipation of 1 mW, and should be 


specified at a load capacitance of 20 pF. 
PARAMETER TEST CONDITIONS MIN NOM MAX] UNIT 
SMJ320C10 —55°C to 125°C with 8 MHz crystal 6.7 20.5] MHz 


SMJ320C10-14 55°C to 125°C with 8 MHz crystal 
SMJ320C10-25 -55°C to 125°C with 8 MHz crystal 
~55°C to 125°C with 8 MHz crystal 


external clock option 


An external frequency source can be used by injecting the frequency directly into X2/CLKIN with X1 left 
unconnected. The external frequency injected must conform to the specifications listed in the table below. 


Crystal frequency, f,* 


switching characteristics over recommended operating conditions 


TEST CONDITIONS 


' Pulse duration, 
w(CL) CLKOUT low 


Pulse duration, 
w(CH) CLKOUT high 

t ys Delay time, CLKINt 
d(MCC) ~~ to CLKOUTJ 


§ tec) is the cycle time of CLKOUT, I.E., 4xtgycy (4 times CLKIN cycle time if an external oscillator is used). 
* This parameter is not production tested. 
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SMJ320C10 
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timing requirements over recommended operating conditions (unless otherwise noted) (see Note 3) 


SMJ320C10-14 | —-« SMJ320C10—s SMJ320C10-25 nas 
MIN. NOM MAX | MIN NOM MAX | MIN NOM MAX 


69.44 50 150 | 48.78 50 150 | 39.06 40 150 
a a 


Pulse duration, master clock 


Pulse duration, master clock 
tw(MCH) high 


' This parameter is not production tested. 
NOTE 3: CLKIN rise and fali times must be less than 10 ns. 


MEMORY AND PERIPHERAL INTERFACE TIMING 


switching characteristics over recommended operating conditions 


TEST 
PARAMETER CONDITIONS 


(SEE FIGURE 2) 


Delay time, CLKOUT | to 


tg address bus valid 


Delay time, CLKOUT | 
to MEN] “gte(c) +15 | Vateic) - 5+ 


1 
d2 VEN 
Delay time, CLKOUT | t 
03 to MENt La “18 
Delay time, CLKOUT | 
a4 to DEN} Vate(c) +15 | “ate(c) - 5* 
d5 
| 
d6 
d7 


t 
t 


t 
Delay time, CLKOUT | t 


t Delay time, CLKOUT| to WE| Voteic) +15 | Vetere) - 


Delay time, CLKOUT| to WET —10t | 


t 


Delay time, CLKOUT | to data 
a6 bus OUT valid 
d9 


t 


Time after CLKOUT that data 


, bus starts to be driven 


Time after CLKOUT | that data 
bus stops bieng driven 


' Data bus OUT valid after 
’ CLKOUT | 


5 Address hold time after WE, 
h(A-WMD) MENT, or DENT 


tuto 


' s Address bus setup time prior 
su(A-MD) to MEN or DEN| 


* This parameter is not production tested. 
§ Address bus will be valid upon WE?, DENT, or MENT. 
NOTE 4: For interfacing |/O devices, see Figure 4. 
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SMJ320C10-14 
SMJ320C010 
SMJ320010-25 


timing requirements over recommended operating conditions 


SMJ320010-14 
TEST CONDITIONS SMJ320C10 SMJ320C10-25 UNIT 
eee [win Nom Max] MIN” NOM MAX! 


tsu(o) Setup time, data bus valid prior to CLKOUT | R, = 825 9 


i ae i 
' Hold time, data bus held valid after CLKOUT | C, = 100 pF 
nD) (see Note 5) 


NOTE 5: Data may be removed from the data bus upon MEN? or DEN? preceding CLKOUT |. 


SUGGESTED 1/0 DECODE CIRCUIT 


The circuit shown in Figure 4 is a design example for interfacing I/O devices to the SMJ320C10. This circuit 
decodes the address for output operations using the OUT instruction. The same circuit can be used to decode 
input and output operations if the inverter (‘ALS04) is replaced with a NAND gate and both DEN and WE are 
connected. Inputs and outputs can be decoded at the same port provided the output of the decoder (’AS137) 
is gated with the appropriate signal (DEN or WE) to select read or write (using an ’ALS32). Access times can 
be increased when the circuit shown in Figure 4 repeated to support IN instructions with DEN connected rather 
than WE. 


The table write (TBLW) function requires a different circuit. A detailed discussion of an example circuit for this 
function is described on page 315 of the application report, “Interfacing External Memory to the TMS32010,” 
published in the book, Digital Signal Processing Applications with the TMS320 Family. Aschematic of this circuit 
as shown on page 318 of that book. 


SMJ320C10 "AS137 


"ALS04 


1/0 DEVICE 


FIGURE 4. 1/0 DECODE CIRCUIT 
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SMJ320010-25 


RESET (RS) TIMING 


switching characteristics over recommended operating conditions 


TEST CONDITIONS 
PARAMETER (SEE FIGURE 2) MIN TYP MAX UNIT 
tg; Delay time, DENt, WEt, and MEN? from RS R, = 825 Q, 
tyis(n) | Data bus disable time after RS C_ = 100 pF | Mateiey +80 | ons 


' This parameter is not production tested. 


timing requirements over recommended operating conditions 


a SMJ320C10-25 
SMJ320C10 ‘ UNIT 


INTERRUPT (INT) TIMING 


timing requirements over recommended operating conditions 
SMJ320C10-14 
ee selapiiediadiane UNIT 


IO (BIO) TIMING 


timing requirements over recommended operating conditions 


SMJ320C10-14 
= 0 iat UNIT 


NOM MAX anno eee] 


ft! Falltime BIO Fall time, ft! Falltime BIO 


wiio) __ Pulse duration, BIO ee oe 
¢ = — BIO fall times must be less than 15 ns. 
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SMJ320C015-25 
SMJ320015 
SMJ320E15 


electrical characteristics over specified temperature range (unless otherwise noted) 


t All typical values are at Voc = 5 V, Ta = 25°C. 
* loc characteristics are inversely proportional to temperature; i.e., log decreases approximately linearly with temperature. 


loc’ Supply current 


CLOCK CHARACTERISTICS AND TIMING 


The SMJ320C15/E15 can use either its internal oscillator or an external frequency source for a clock. 


internal clock option 


The internal oscillator is enabled by connecting a crystal across X1 and X2/CLKIN (see Figure 1). The frequency 
of CLKOUT is one-fourth the crystal fundamental frequency. The crystal should be fundamental mode, and 
parallel resonant, with an effective series resistance of 30 ohms, a power dissipation of 1 mW, and should be 
specified at a load capacitance of 20 pF. 


PARAMETER TEST CONDITIONS MIN NOM MAX] UNIT 
SMJ320C15-25 —55°C to 125°C with 8 MHz crystal 6.7 25.6 
Crystal frequency, f,' MHz 
SMJ320C15/E15 —55°C to 125°C with 8 MHz crystal 6.7 20.5 
Gi, C2 55°C to 125°C with 8 MHz crystal 


external clock option 


An external frequency source can be used by injecting the frequency directly into X2/CLKIN with X1 left 
unconnected. The external frequency injected must conform to the specifications listed in the table below. 


switching characteristics over recommended operating conditions 


ates TEST CONDITIONS SMJ320C15-25 SMJ320C15 SMJ320E15 wine 
(SEE FIGURE 2) MIN NOM MAX| MIN NOM MAX| MIN NOM MAX 
tec) CLKOUT cycle time’ 
—- 


r(C) CLKOUT rise time 


Pulse duration, 
w(Cl) CLKOUT low 


R, = 825 Q, 
C, = 100 pF 


tw 
t Pulse duration, 
ae CLKOUT high 


ee ee ee ee ee ee 
a 
Delay time, CLKINt 
q ’ 


§ tec) is the cycle time of CLKOUT, I.E., 4xtoimc) (4 times CLKIN cycle time if an external oscillator is used). 
‘ This parameter is not production tested. 


j 
TEXAS wy 
INSTRUMENTS 


14-136 POST OFFICE BOX 1443 * HOUSTON, TEXAS 77001 


SMJ320C15-25 
SMJ320C15 
SMJ320E15 


timing requirements over recommended operating conditions (unless otherwise noted) (see Note 3) 


SMJ320E15 UNIT 
tc) Rise time, master clock input (see Note 3) 
tymc) Fall time, master clock input (see Note 3) 5 ns 
~ 


' This parameter is not production tested. 
NOTE 3: CLKIN rise and fall times must be less than 10 ns. 


MEMORY AND PERIPHERAL INTERFACE TIMING 


switching characteristics over recommended operating conditions 


TEST 
PARAMETER CONDITIONS 

t Delay time, CLKOUT | to 

qi address bus valid 

' Delay time, CLKOUT | to 

ae MEN| 

' Delay time, CLKOUT | to 

d3 MEN tf 
t Delay time, CLKOUT | 
d4 to DEN| 
t Delay time, CLKOUT| 
i to DEN? 

t Delay time, CLKOUT dig - 

os to WE| ical 


t 


9 Delay time, CLKOUT| to WE? 12 
' Delay time, CLKOUT | to data ist 55 
ae bus OUT valid C, = 100 pF ae 
' Time after CLKOUT | that data _s 
ad bus starts to be driven ie} 


Time after CLKOUT | that data 
bus stops being driven 


Data bus OUT valid after {aos —40 li ine 18 ns 
CLKOUT | a’e(C) 4'c(C) 
ot 


. s Address hold time after WE?, 
h(A-WMD) MENT, or DEN} 
s Address bus setup time prior to 

t cemcocticamas 

su(A-MD) = MEN] or DEN| 
* This parameter is not production tested. 
S$ Address bus will be valid upon WET, DENT, or MEN?. 
NOTE 4: For interfacing I/O devices, see Figure 4. 
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SMJ320C015-25 
SMJ320015 
SMJ320E15 


switching characteristics over recommended operating conditions (concluded) 


TEST 
M 
PARAMETER seer UNIT 
IN NOM 
ns 


CONDITIONS 
Delay time, CLKOUT to 
address bus valid 


(SEE FIGURE 2) 
t Delay time, CLKOUT| to MEN] 
t 


d1 
d2 ime, “gte(c)-8! “gte(c) +15 
d8 ime, 
dg 


t 
t 
t 
t 


= Data bus OUT valid after CLKOUT | 
tnva-wap)* Address hold time after WEt, MENT, or DENT 
tsu(a-MD)* Address bus setup time prior to MEN| or DEN] 


‘ This parameter is not production tested. 
* Address bus will be valid upon WEt, DENT, or MENT. 
NOTE 4: For interfacing !/O devices, see Figure 4. 


timing requirements over recommended operating conditions 


TEST CONDITIONS 
(SEE FIGURE 2) 


Setup time, data bus valid prior to CLKOUT | 


tsu(D) 
' Hold time, data bus held valid after CLKOUT | 
n(0) (see Note 5) 


NOTE 5: Data may be removed from the data bus upon MEN? or DENT preceding CLKOUT |. 
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SMJ320015-25 
SMJ320015 
SMJ320E15 


RESET (RS) TIMING 


switching characteristics over recommended operating conditions 


TEST CONDITIONS 
PARAMETER (SEE FIGURE 2) MIN TYP MAX UNIT 
ty; -Delay time, DENt, WEt, and MENT? from RS R, = 825Q, F Mateyey 50 | ons | 
tiie Data bus disable time after RS C_ = 100 pF | Mateioy+8ot | ons 


' This parameter is not production tested. 


| 


timing requirements over recommended operating conditions 


SMJ320C15 | 
SMJ320C15-25 
ae UNIT 


“ate 6: RScan occur anytime during a clock cycle. Time given is minimum to ensure synchronous operation. 


INTERRUPT (INT) TIMING 


timing requirements over recommended operating conditions 


SMJ320C15 
SMJ320C15-25 
a a ae 5 UNIT 


tawny’ Falltime, INT a a 
eo pte te Ts 
———————E pe ee 


10 (BIO) TIMING 


timing requirements over recommended operating conditions 


SMJ320C15 
SMJ320C15-25 
SMJ320E15 UNIT 


tsuio) + Setup time, BIO| before CLKOUTJ 
* INT and BIO fall times must be less than 15 ns. 
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TIMING DIAGRAMS 


This section contains all the timing diagrams for the SMJ320 first-generation devices. Refer to the top corner for the 
specific device. 


Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless 
otherwise noted, See Figure 4. 


clock timing 


| Balke - . Pees | | — 
| | | | ! | 
| : J —$§ol—twracr) 
| i tymc) ; 
= = tacmcc) | ike 
| 


| | 
| | 
“the <= be tie) 7 
| <——— wen Seema | 
ease ata a eens tec) ee 
Y tamcc) Nd twmcp) are referenced to an intermediate level of 1.5-volts on the CLKIN waveform. 


memory read timing 


nn ee on 
tec) 
| | 


| | 
CLKOUT Nf Nf 


wt ty . 
ee | | 
MEN | / \ ! / * 
| 
=< tay ay < *su(a-MD) ro eae 
—_ tsu(0) ’ an _ 


D15-D0 INSTRUCTION INVALID 


j 
TEXAS ig 
INSTRUMENTS 


14-140 POST OFFICE BOX 1443. ® HOUSTON, TEXAS 77001 


SMJ320 FIRST-GENERATION 
DEVICES 


TBLR instruction timing 


ono NY NN NY 


A11-A0 


ete 8 aS ee 
LEGEND: 
1. TBLR INSTRUCTION PREFETCH 7. ADDRESS BUS VALID 
2. DUMMY PREFETCH 8. ADDRESS BUS VALID 
3. DATA FETCH 9. INSTRUCTION VALID 
4. NEXT INSTRUCTION PREFETCH 10. INSTRUCTION VALID 
5. ADDRESS BUS VALID 11. DATA INPUT VALID 
6. ADDRESS BUS VALID 12. INSTRUCTION INPUT VALID 


TBLW instruction timing 


| | 
— | 
MEN ‘ 2 | | 3 


rey SOX BY XX BK 7 KRY 


er 
| ath. ics | ta7 


WE | 
le— tag —P wipe ty 


le—ettg | taro 


LEGEND: 

1. TBLW INSTRUCTION PREFETCH 7. ADDRESS BUS VALID 

2. DUMMY PREFETCH 8. INSTRUCTION VALID 

3. NEXT INSTRUCTION PREFETCH 9. INSTRUCTION VALID 

4. ADDRESS BUS VALID 10. DATA OUTPUT VALID 

5. ADDRESS BUS VALID 11. INSTRUCTION OUTPUT VALID 
6. ADDRESS BUS VALID 
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IN instruction timing 


omout \ OK NY ONY 


> F® teua-mp) | 
| 


++ teu) 


XX XX x) 
rE... 


A11-A0 


eee = | ~~ a tas 
DEN Y 1 oY 
| or tho) 


LEGEND: 


IN INSTRUCTION PREFETCH 
NEXT INSTRUCTION PREFETCH 
ADDRESS BUS VALID 
PERIPHERAL ADDRESS VALID 


ADDRESS BUS VALID 
INSTRUCTION INPUT VALID 
DATA INPUT VALID 
INSTRUCTION INPUT VALID 


el 
PN | 


OUT instruction timing 


MEN 4 | 2 


XX) XX) (XX) OX) 
ereao XBOX 


LEGEND: 


1. IN INSTRUCTION PREFETCH 

2. NEXT INSTRUCTION PREFETCH 
3. ADDRESS BUS VALID 

4, PERIPHERAL ADDRESS VALID 


ADDRESS BUS VALID 
INSTRUCTION INPUT VALID 
DATA INPUT VALID 
INSTRUCTION INPUT VALID 
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SMJ320010, SMJ320010-25, SMJ320010-14 
SMJ320015, SMJ320015-25, SMJ320E15 


reset timing 


emo \ J \ J \ NS NS VS VS 


| 
- me— teup) ke teu 


a | 

DEN ! aa eteeantercmnehenininslansteieninsnitiniantaamueatnit 
_WE te DATA IN FROM DATA IN FROM 
MEN le toss PC ADDR O PC ADDR PC+1 


t —p! a 
aw — DATA SHOWN RELATIVE TO WE 


EN \ / \ 
AB = ss ae AB = PC+1 


ADDR 
aos AB = { aB=PC ) AB = ( AB=PC+1 ) AB = ys AB EPCzO 0 


NOTES: A. RS forces DEN, WE, and MEN high and places data bus DO through D15ina high-impedance state. AB outputs (and program counter) 
are synchronously cleared to zero after the next complete CLK cycle from RS |. 

. RS must be maintained for a minimum of five clock cycles. 

. Resumption of normal program will commence after one complete CLK cycle from RSf. 

. Due to the synchronization action on RS, time to execute the function can vary dependent upon when RS? or RS| occur in the CLK 
cycle. 

. Diagram shown is for definition purpose only. DEN, WE, and MEN are mutually exclusive. 

. During a write cycle, RS may produce an invalid write address. 


OO 


nm 


interrupt timing 


a i a, a ie. ae 
| 


iain tsuaNnT) 


INT \ / 
l 
ot Fe tan | 


BIO timing 


neioae - 2 eee ee ee ee 


| 
te Tay 


| 
es 
> le tiao) 
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SMJ320E15 


EPROM PROGRAMMING 


absolute maximum ratings, T, = 25°C (unless otherwise noted)! 
Supply voltage vange, Vee (S60 NOG 1) .ocivscascvdenversrvaxevetasseawereryaaneeens —0.6Vto14V 


* Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and 
functional operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of 
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: Under “Absolute Maximum Ratings”, all voltage values are with respect to Vgs. 


recommended operating conditions 


MIN NOM MAX] UNIT 


Vpp Supply voltage (see Note 7) 22> to 12.739 


NOTE 7: Vpp can be connected to Vcc directly (except in the program mode). Vcc supply current in this case would be I¢g + Ipp. During 
programming, Vpp must be maintained at 12.5 V (+0.25 V). 


electrical characteristics over specified temperature range (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
lner_Vep supply current Vp = Voc = 5.25 V 
Ipp2 Vpp Supply current (during program pulse) Vpp = 12.75 V 


recommended timing requirements for programming, Ta = 25°C, Vcc = 6 V, Vpp = 12.5 V, 
(see Note 8) 


wipGm _ |nitial program pulse duration 
SU 


t 
t 
t 
t 


w(FPGM) Final pulse duration 
(A) Address setup time 

su(E) E setup time 

tsu(G) G setup time 


NOTES: 8. For all switching characteristics and timing measurements, input pulse levels are 0.40 V to 2.4 V and Vpp = 12.5 V + 0.25 V during 
programming. 
9. Common test conditions apply for tyi¢g) except during programming. 
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SMJ320E15 


PROGRAMMING THE SMJ320E15 EPROM CELL 


The SMJ320E15 includes a 4K x 16-bit industy-standard EPROM cell for prototyping, early field testing, and 
low-volume production. The SMJ320C15 with a 4K-word masked ROM then provides a migration path for 
cost-effective production. An EPROM programmer adaptor socket (part #RTC/PGM320A-06), shown in 
Figure 5, is available to provide 40-pin to 28-pin conversion for programming the SMJ320E15. 


FIGURE 5. EPROM PROGRAMMER ADAPTOR SOCKET 


Key features of the EPROM cell include the normal programming operation as well as verification. The EPROM 
cell also includes a code protection feature that allows code to be protected against copyright violations. 


The SMJ320E15 EPROM cell is programmed using the same family and device pinout codes as the TMS27C64 
8K x 8-bit EPROM. The TMS27C64 EPROM series are unltraviolet-light erasable, electrically programmable, 
read-only memories, fabricated using HVCMOS technology. They are pin-compatible with existing 28-pin ROMs 
and EPROMs. These EPROMs operate from a single 5-V supply inthe read mode; however, 12.5-V Vpp supplies 
are needed for programming. All programming signals are TTL level. For programming outside the system, 
existing EPROM programmers can be used. Locations may be programmed singly, in blocks, or at random. 


Figure 6 shows the wiring conversion to program the SMJ320E15 using the 28-pin pinout of the TMS27C64. 
Table 5 on pin nomenclature provides a description of the TMS27C64 pins. The code to be programmed into the 
device should be in serial mode. The SMJ320E15 uses 13 address lines to address 4K-word memory in byte 
format. 
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TABLE 5. PINNOMENCLATURE (SMJ320E15) 


DEFINITION 


On-chip EPROM programming address lines 
Clock oscillator input 


A12(MSB)-A0(LSB) 
CLKIN 


E EPROM chip select 

EPT EPROM test mode select 

G EPROM read/verify select 
GND Ground 

PGM EPROM write/program select 


Q8(MSB)-Q1(LSB) 
RS 


Data lines for byte-wide programming of on-chip 8K bytes of EPROM 
Reset for initializing the device 

5-V power supply 
12.5-V power supply 


1 Al A2 40 [ 
2 AO(LSB) A3 39 i 
3 VPP A4 38 J 
4 RS A5 371 
Vop 10 5 EPT AG 36 P-—~ 28 Voc 
A1i2 2 6 A7 351 | 27 PGM 
AB 4[ 8 CLKIN 33 [ 1 25 A8 
A5 5 9 32 1 1 24 AQ 
A4 60 10 GND 31 . 1 23 Ait 
A3 70 11 Q1(LSB) Vec 307 1 22 G 
A2 8f 12 Q2 AS 291 1 21 A10 
A1 9f 13 Q3 A10 28 -——— N20 E 
Ao 100 14 Q4 A11 271] 19 Q8 
ai 110 15 Q5 (MSB)A12 26 —a rt 18 Q7 
Q2 a2 [ 16 Q6 E 257 1 17 Q6 
Q3 13[ 17 Q7 G24 —— + 16 Q5 
GND 140 18 Q8(MSB) PGM 237] N15 Q4 
I 
TMS27C64 TMS27C64 
PINOUT SMJ320E15 i aaa 


T R = 3.9k ohms. 


FIGURE 6. SMJ320E15 EPROM PROGRAMMING CONVERSION TO 
TMS27C64 EPROM PINOUT 
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Table 6 shows the programming levels required for programming, verifying, reading, and protecting the EPROM cell. 
TABLE 6. SMJ320E15 PROGRAMMING MODE LEVELS 


SIGNAL NAME | SMJ320E15 PIN | TMS27C64 PIN | PROGRAM | VERIFY ee PROTECT VERIFY | ROM PROTECT 
ee PULSE | PULSE paceniE seem ninigearees 


Terr [ie fais [nea [ae | a 
nea [mare [aes er [moon [moon |x| 
[near [04.05] 20959 | apom | AOR | aon |x | x 
Se SS 
[| AAR | aon |X| 


LEGEND: 
Vin = TTL high level; V;, = TTL low level; ADDR = byte address bit 
Vpp = 12.5 V + 0.25 V; Veg = 5 V + 5% for read only, otherwise, Voc = 6 V; X = don’t care 
PULSE = low-going TTL level pulse; D,, = byte to be programmed at ADDR 
Qourt = byte stored at ADDR; RBIT = ROM protect bit 


programming 


Since every memory bit in the cell is a logic 1, the programming operation reprograms certain bits to 0. Once 
programmed, these bits can only be erased using ultraviolet light. The correct byte is placed on the data bus with 
Vpp set to the 12.5-V level. The PGM pin is then pulsed low to program in the zeroes. 


erasure 


Before programming, the device must be erased by exposing it to ultraviolet light. The recommended minimum 
exposure dose (UV-intensity x exposure-time) is 15 watt-seconds per square centimeter. A typical 12 
milliwatt-seconds per square centimeter, filterless UV lamp will erase the device in 21 minutes. The lamp should 
be located about 2.5 centimeters above the chip during erasure. After exposure, all bits are in the high state. 


verify/read 


To verify correct programming, the EPROM cell can be read using either the verify or read line definitions shown 
in Table 6, assuming the inhibit bit has not been programmed. 


program inhibit 
Programming may be inhibited by maintaining a high level input on the E pin or PGM pin. 
read 


The EPROM contents may be read independent of the programming cycle, provided the RBIT (ROM protect 
bit) has not been programmed. The read is accomplished by setting E to zero and pulsing G low. The contents 
of the EPROM location selected by the value on the address inputs appear on Q8-Q1. 


% 
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RL GRE RIN eS EY NEADS AS Ge TRIN BTR TR SOLAS BOT EE SRE SENSE NIE BET RSET ERT AST DIAS EARLE SEE EDS STS CN A TEE IOS EEE LARS RPE TTS 
output disable 


During the EPROM programming process, the EPROM data outputs may be disabled, if desired, by establishing 
the output disable state. This state is selected by setting G and E pins high. While output disable is selected, 
Q8-Q1are placed in the high-impedance state. 


EPROM protection 


To protect the proprietary algorithms existing in the code programmed on-chip, the ability to read or verify code 
from external accesses can be completely disabled. Programming the RBIT disables external access of the 
EPROM cell and disables the microprocessor mode, making it impossible to access the code resident in the 
EPROM cell. The only way to remove this protection is to erase the entire EPROM cell, thus removing the 
proprietary information. The signal requirements for programming this bit are shown in Table 6. The cell can be 
determined as protected by verifying the programming of the RBIT shown in the table. 


standard programming procedure 


Before programming, the device must first be completely erased. Then the device can be programmed with the 
correct code. It is advisable to program unused sections with zeroes as a further security measure. After the 
programming is complete, the code programmed into the cell should be verified. If the cell passes verification, 
the next step is to program the ROM protect bit (RBIT). Once the RBIT programming is verified, an opaque label 
should be placed over the window to protect the EPROM cell from inadvertent erasure by ambient light. At this 
point, the programming is complete, and the device is ready to be placed into its destination circuit. 


program cycle timing 


<-——_—. 

<—_—— PROGRAM» a : 
! 

| 


Vin 
A12-A0 ADDRESS STABLE ADDRESS N+1 
V 


| ; l + IL 
su(A) H(A 
, ” Vin/Vou 
Q8-Q1 DATA IN STABLE HI-Z 
| | | : VirVor 
> tsu(p) | +r tais(a) 7 
| PP 
Vep / | | | | | | 
| | | | l | Veo 
———- tsucvp) | | | — 
+ 
l cc 
Vec / | | | | l | 
| | | | Ver 
| 
| | | | 


mi| 


! , Vin 
! = | | Viv 

mea — tsu(e) — le — thio l 
ne Vis 
PGM — teuia) | Vie 


| 
twipcm) <— la Tenia) 


twirPGM) —> — | l Vu 
\ | / 
Vit 


| 
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PACKAGE TYPES 


PACKAGE TYPE SUFFIX FAMILY MEMBERS 


_ ; SMJ320C10, SMJ320C10-14, SMJ320C10-25 
40-pin side-brazed ceramic DIP SMJ320C15, SMJ320C15-25 
40-pin windowed ceramic DIP SMJ320E15 
FD 


So dhl : SMJ320010, SMJ320010-14, SMJ320010-25 
44-pad leadless ceramic chip carrier pro 'SMJ320C15, SMJ320C15-25 


THERMAL DATA 


thermal resistance characteristics 


PACKAGE 
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100-ns or 80-ns Instruction Cycle Times 


544 Words of Programmable On-Chip Data 
RAM 


@ 4K Words of On-Chip Program ROM 
@® 128K Words of Data/Program Space 
@® 16 Input and 16 Output Channels 
® 
® 


16-Bit Parallel Interface 


Directly Accessible External Data Memory 
Space 


Global Data Memory Interface 
16-Bit Instruction and Data Words 
32-Bit ALU and Accumulator 


Single-Cycle Multiply/Accumulate 
Instructions 


@® Oto 16-Bit Scaling Shifter 
@ Bit Manipulation and Logical Instructions 


® Instruction Set Support for Floating-Point 
Operations, Adaptive Filtering, and 
Extended-Precision Arithmetic 


® Block Moves for Data/Program Management 


@ Repeat Instructions for Efficient Use of 
Program Space 


@ Eight Auxiliary Registers and Dedicated 
Arithmetic Unit for Indirect Addressing 


@ Serial Port for Direct Codec Interface 


@ Synchronization Input for Synchronous 
Multiprocessor Configurations 


@® Wait States for Communication to Slow 
Off-Chip Memories/Peripherals 


@ On-Chip Timer for Control Operations 
@ Three External Maskable User Interrupts 


@ Input Pin Polled by Software Branch 
Instruction 


@ Programmable Output Pin for Signaling 
External Devices 


1.6-um CMOS Technology 
Single 5-V Supply 
On-Chip Clock Generator 


Packaging: 

—68-Pin Leaded Ceramic Chip Carrier 
(FJ Suffix) 

—68-Pin Ceramic Grid Array (GB Suffix) 
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AUGUST 1988 — REVISED APRIL 1990 


68-PIN FJ AND FD PACKAGESt 


(TOP VIEW) 
IS joa 
Or NO TF © =) 


CLKR 
CLKX 
¥EC 
VCC 


= <x 
ese Se SS [Que 
=]|lolr ao la 


1 68 67 66 65 64 63 62 61 


Vss [10 60 |] JACK 

D7 {11 59] MSC 

D6 {}12 58 |] CLKOUT1 
D5{]13 57 |} CLKOUT2 
D414 56 [| XF 
D3{J15 55 {} HOLDA 


D2{j16 54 |] DX 
b1fji7 53 [|] FSX 
DO {18 52 |] X2/CLKIN 
SYNC |}19 51 (} x1 
INTO {]20 50 |] BR 
INT1 []21 49 []} STRB 
INT 2 {]22 48 [| R/w 
Vec 1123 47 |} PS 
DR [24 46 [} iS 
FSR []25 45 [}DS 
AO {|26 4411 Vss 
27 28 29 30 31 32 33 34 35 36 37 38 39 4041 42 43 
SSA eae ae 
68-PIN GB 
PIN GRID ARRAY CERAMIC PACKAGEt 
(TOP VIEW) 


1 2 3 4 5 6 7 8 9.10 11 


@©eee08080 86 @ 
- 
®©eee86 6 @ @ 


‘ 
4 


eé 
Se 


rTaT7 mM O08 > 


‘ 
xo? 


“5 
ee2e2eeece © 
©e@e@@ @ @ @ @ 


~ 
t 


~ 
S 


tTSee Pin Assignments Table (Page 2) and Pin Nomenclature 
Table (Page 3) for location and description of all pins. 


—68-Pad Leadless Ceramic Chip Carrier (FD Suffix) 


@ Military Temperature ... —55°C to 125°C 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 


4 
TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 @® HOUSTON, TEXAS 77001 


Copyright © 1990, Texas Instruments Incorporated 


14-151 


SMJ320025, SMJ320C25-50 
DIGITAL SIGNAL PROCESSORS 


description 


This data sheet provides thorough design documentation for the SMJ320C25 and the SMJ320C25-50 
Digital Signal Processor devices in the SMJ320 family of VLSI digital signal processors and peripherals. 
The SMJ320 family supports a wide range of digital signal processing applications such as tactical 
communications, guidance, military modems, speech processing, spectrum analysis, audio processing, 
digital filtering, high-speed control, graphics, and other computation-intensive applications. 


Differences between the SMJ320C25 and the SMJ320C25-50 are specifically identified, as in the following 
paragraph and in the parameter tables on pages 16 through 20 of this data sheet. When not specifically 
differentiated, the term SMJ320C25 is used to describe both devices. 


The SMJ320C25 has a 100-ns instruction cycle time. The SMJ320C25-50 has an 80-ns instruction cycle 
time. With these fast instruction cycle times and their innovative memory configuration, these devices 
perform operations necessary for many realtime digital signal processing algorithms. Since most instructions 
require only one cycle, the SMJ320C25 is capable of executing ten million instructions per second. On- 
chip data RAM of 544 16-bit words, on-chip program ROM of 4K words, direct addressing of up to 64K 
words of external data memory space and 64K words of external program memory space, and 
multiprocessor interface features for sharing global memory minimize unnecessary data transfers to take 
full advantage of the capabilities of the processor. 


PGA/CLCC/LCCC PIN ASSIGNMENTS 


FUNCTION FUNCTION FUNCTION FUNCTION FUNCTION FUNCTION 


K1/26 | A12 K8/40 H1/22 | Vcc H2/23 
K2/28 | A13 L9/41 1s J11/46| Vcc L6/35 
L3/29 | A14 K9/42 MC A6/1 Vss B1/10 
K3/30 | A15 L10/43 MSC C10/59| Vss K11/44 
L4/31| BIO ——_B7/68 PS J10/47| Vss L2/27 


K4/32 | BR G11/50 B8/66 | XF D11/56 
L5/33 | CLKOUT1 C11/58 A8/65 | X1 G10/51 
K5/34 | CLKOUT2 D10/57 W H11/48| X2/CLKIN F11/52 
K6/36 | CLKR B9/64 H10/49 
L7/37 | CLKX A9/63 SYNC F2/19 
K7/38 | DO F1/18 A10/61 
L8/39 | D1 E2/17 B10/62 
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PIN NOMENCLATURE 


SIGNALS | 1/0/zt DEFINITION 


5-V supply pins 
Ground pins 
Output from internal oscillator for crystal 
X2/CLKIN Input to internal oscillator from crystal or external clock 
CLKOUT1 Master clock output (crystal or CLKIN frequency/4) 
A second clock output signal 
16-bit data bus D15 (MSB) through DO (LSB). Multiplexed between program, data, and |/O spaces. 
16-bit address bus A15 (MSB) through AO (LSB) 
Program, data, and I/O space select signals 
Read/write signal 
Strobe signal 
Reset input 
External user interrupt inputs 
Microprocessor/microcomputer mode select pin 
Microstate complete signal 
Interrupt acknowledge signal 
Data ready input. Asserted by external logic when using slower devices to indicate that the current bus 
transaction is complete. 
Bus request signal. Asserted when the SMJ320C25 requires access to an external global data memory 
space. 
External flag output (latched software-programmable signal) 
Hold input. When asserted, SMJ320C25 goes into an idle mode and places the data, address, and 
control lines in the high impedance state. 
Hold acknowledge signal 


Synchronization input 


Branch control input. Polled by BIOZ instruction. 
Serial data receive input 

Clock for receive input for serial port 

Frame synchronization pulse for receive input 
Serial data transmit output 

Clock for transmit output for serial port 


Frame synchronization pulse for transmit. Configurable as either an input or an output. 


11/O/Z denotes input/output/high-impedance state. 
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functional block diagram 
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DATA/PROG 
RAM (256 x 16) 
BLOCK BO 


BLOCK B2 
(32 x 16) 


DATA RAM 
BLOCK B1 
(256 =x 16) 


ACCH(16) | ACCL(16) 


SHIFTERS(0-7) 


pi itecestcstisccatsccersisssesicssssesstss sDATA BUS sficititicstisiceterivessceresisncssceceteticessserisisicesesissescessiees 

LEGEND: 
ACCH = Accumulator high IFR = = Interrupt flag register PC = Program counter 
ACCL = Accumulator low IMR = Interrupt mask register PFC = Prefetch counter 
ALU = Arithmetic logic unit IR = Instruction register RPTC = Repeat instruction counter 
ARAU = Auxiliary register arithmetic unit MCS = Microcall stack GREG = Global memory allocation register 
ARB = Auxiliary register pointer buffer QiIR = Queue instruction register RSR = Serial port receive shift register 
ARP = Auxiliary register pointer PR = Product register XSR = Serial port transmit shift register 
DP = Data memory page pointer PRD = Period register for timer ARO-AR7 = Auxiliary registers 
DRR = Serial port data receive register TIM = Timer STO,ST1 = Status registers 


DXR == Serial port data transmit register TR = Temporary register c = Carry bit 
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architecture 


The SMJ320C25 architecture is based upon that of the SMJ32020, the second member of the SMJ320 
family. The SMJ320C25 increases performance of DSP algorithms through innovative additions to the 
SMJ320 architecture. SMJ32020 source code is upward-compatible with SMJ320C25 source code and 
can be assembled using the TMS320C25 Macro Assembler. SMJ32020 object code will run directly on 
the SMJ320C25. 


Increased throughput on the SMJ320C25 for many DSP applications is accomplished by means of single- 
cycle multiply/accumulate instructions with a data move option, eight auxiliary registers with a dedicated 
arithmetic unit, and faster I/O necessary for data-intensive signal processing. 


The architectural design of the SMJ320C25 emphasizes overall speed, communication, and flexibility in 
processor configuration. Control signals and instructions provide floating-point support, block-memory 
transfers, communication to slower off-chip devices, and multiprocessing implementations. 


Two large on-chip RAM blocks, configurable either as separate program and data spaces or as two 
contiguous data blocks, provide increased flexibility in system design. Programs of up to 4K words can 
be masked into the internal program ROM. The remainder of the 64K-word program memory space is located 
externally. Large programs can execute at full speed from this memory space. Programs can also be 
downloaded from slow external memory to high-speed on-chip RAM. A total of 64K data memory address 
space is included to facilitate implementation of DSP algorithms. The VLSI implementation of the 
SMJ320C25 incorporates all of these features as well as many others, such as a hardware timer, serial 
port, and block data transfer capabilities. 


32-bit ALU/accumulator 


The SMJ320C25 32-bit Arithmetic Logic Unit (ALU) and accumulator perform a wide range of arithmetic 
and logical instructions, the majority of which execute in a single clock cycle. The ALU executes a variety 
of branch instructions dependent on the status of the ALU or a single bit in a word. These instructions 
provide the following capabilities: 


e« Branch to an address specified by the accumulator 
e Normalize fixed-point numbers contained in the accumulator 
e Test a specified bit of a word in data memory. 


One input to the ALU is always provided from the accumulator, and the other input may be provided from 
the Product Register (PR) of the multiplier or the input scaling shifter which has fetched data from the 
RAM on the data bus. After the ALU has performed the arithmetic or logical operations, the result is stored 
in the accumulator. 


The 32-bit accumulator is split into two 16-bit segments for storage in data memory. Additional shifters 
at the output of the accumulator perform shifts while the data is being transferred to the data bus for 
storage. The contents of the accumulator remain unchanged. 


scaling shifter 


The SMJ320C25 scaling shifter has a 16-bit input connected to the data bus and a 32-bit output connected 
to the ALU. The scaling shifter produces a left shift of O to 16 bits on the input data, as programmed 
in the instruction. The LSBs of the output are filled with zeroes, and the MSBs may be either filled with 
zeroes or sign-extended, depending upon the status programmed into the SXM (sign-extension mode) bit 
of status register ST1. 


43 
TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 14-155 


SMJ320025, SMJ320025-50 
DIGITAL SIGNAL PROCESSORS 


16 x 16-bit parallel multiplier 


The SMJ320C25 has a 16 x 16-bit hardware multiplier, which is capable of computing a signed or unsigned 
32-bit product in a single machine cycle. The multiplier has the following two associated registers: 


¢ A 16-bit Temporary Register (TR) that holds one of the operands for the multiplier, and 
¢ A 32-bit Product Register (PR) that holds the product. 


Incorporated into the SMJ320C25 instruction set are single-cycle multiply/accumulate instructions that 
allow both operands to be processed simultaneously. The data for these operations may reside anywhere 
in internal or external memory, and can be transferred to the multiplier each cycle via the program and 
data buses. 


Four product shift modes are available at the Product Register (PR) output that are useful when performing 
multiply/accumulate operations, fractional arithmetic, or justifying fractional products. 


timer 


The SMJ320C25 provides a memory-mapped 16-bit timer for control operations. The on-chip timer (TIM) 
register is a down counter that is continuously clocked by CLKOUT 1. A timer interrupt (TINT) is generated 
every time the timer decrements to zero. The timer is reloaded with the value contained in the period (PRD) 
register within the next cycle after it reaches zero so that interrupts may be programmed to occur at regular 
intervals of PRD + 1 cycles of CLKOUT1. 


memory control 


The SMJ320C25 provides a total of 544 16-bit words of on-chip data RAM, divided into three separate 
blocks (BO, B1, and B2). Of the 544 words, 288 words (blocks B1 and B2) are always data memory, and 
256 words (block BO) are programmable as either data or program memory. A data memory size of 544 
words allows the SMJ320C25 to handle a data array of 512 words (256 words if on-chip RAM is used 
for program memory), while still leaving 32 locations for intermediate storage. When using block BO as 
program memory, instructions can be downloaded from external program memory into on-chip RAM and 
then executed. 


When using on-chip program RAM, ROM, or high-speed external program memory, the SMJ320C25 runs 
at full speed without wait states. However, the READY line can be used to interface the SMJ320C25 
to slower, less-expensive external memory. Downloading programs from slow off-chip memory to on-chip 
program RAM speeds processing while cutting system costs. 


The SMJ320C25 provides three separate address spaces for program memory, data memory, and 1/O. 
The on-chip memory is mapped into either the 64K-word data memory or program memory space, depending 
upon the memory configuration. The CNFD (configure block BO as data memory) and CNFP (configure 
block BO as program memory) instructions allow dynamic configuration of the memory maps through 
software. Regardless of the configuration, the user may still execute from external program memory. 


The SMJ320C25 has six registers which are mapped into the data memory space: a serial port data receive 
register, serial port data transmit register, timer register, period register, interrupt mask register, and global 
memory allocation register. 
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PROGRAM 
0(0000 h) 
INTERRUPTS 
AND RESERVED 
(EXTERNAL) 
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5(0005 h) 
6(0006 h) 
RESERVED PAGE 0 
95(005F h) 


96(0060 h) 
ON-CHIP 
127(007F h) BLOCK Be 
128(0080 h) 
RESERVED PAGES 1-3 
511(01FF h) 
512(0200 h) 
DOES NOT PAGES 4-5 
767(02FF h) —— 
768(0300 h) sean 


BLOCK B1 PAGES 6-7 


1023(O03FF h) 


1024(0400 h) 
EXTERNAL PAGES 8-511 
65,535(FFFF h) 


(b) MEMORY MAPS AFTER A CNFP INSTRUCTION 


FIGURE 1. MEMORY MAPS 
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interrupts and subroutines 


The SMJ320C25 has three external maskable user interrupts INT2-INTO, available for external devices 
that interrupt the processor. Internal interrupts are generated by the serial port (RINT and XINT), by the 
timer (TINT), and by the software interrupt (TRAP) instruction. Interrupts are prioritized with reset (RS) having 
the highest priority and the serial port transmit interrupt (XINT) having the lowest priority. All interrupt 
locations are on two-word boundaries so that branch instructions can be accommodated in those locations 
if desired. 


A built-in mechanism protects multicycle instructions from interrupts. If an interrupt occurs during a 
multicycle instruction, the interrupt is not processed until the instruction is completed. This mechanism 
applies both to instructions that are repeated or become multicycle due to the READY signal. 


external interface 


The SMJ320C25 supports a wide range of system interfacing requirements. Program, data, and I/O address 
spaces provide interface to memory and I/O, thus maximizing system throughput. I/O design is simplified 
by having I/O treated the same way as memory. I/O devices are mapped into the I/O address space using 
the processor’s external address and data buses in the same manner as memory-mapped devices. Interface 
to memory and I/O devices of varying speeds is accomplished by using the READY line. When transitions 
are made with slower devices, the SMJ320C25 processor waits until the other device completes its function 
and signals the processor via the READY line. Then, the SMJ320C25 continues execution. 


A full-duplex serial port provides communication with serial devices, such as codecs, serial A/D converters, 
and other serial systems. The interface signals are compatible with codecs and many other serial devices 
with a minimum of external hardware. The serial port may also be used for intercommunication between 
processors in multiprocessing applications. 


The serial port has two memory-mapped registers: the data transmit register (DXR) and the data receive 
register (DRR). Both registers operate in either the byte mode or 16-bit word mode, any may be accessed 
in the same manner as any other data memory location. Each register has an external clock, a framing 
synchronization pulse, and associated shift registers. One method of multiprocessing may be implemented 
by programming one device to transmit while the others are in the receive mode. 


multiprocessing 


The flexibility of the SMJ320C25 allows configurations to satisfy a wide range of system requirements. 
The SMJ320C25 can be used as follows: 


e A standalone processor 

¢ A multiprocessor with devices in parallel 

¢ A slave/host multiprocessor with global memory space 

¢ A peripheral processor interfaced via processor-controlled signals to another device. 


For multiprocessing applications, the SMJ320C25 has the capability of allocating global data memory space 
and communicating with that space via the BR (bus request) and READY control signals. Global 
memory is data memory shared by more than one processor. Global data memory access must be arbitrated. 
The 8-bit memory-mapped GREG (global memory allocation register) specifies part of the SMJ320C25’s 
data memory as global external memory. The contents of the register determine the size of the global 
memory space. If the current instruction addresses an operand within that space, BR is asserted to request 
control of the bus. The length of the memory cycle is controlled by the READY line. 


The SMJ320C25 supports DMA (direct memory access) to its external program/data memory using the 
HOLD and HOLDA signals. Another processor can take complete control of the SMJ320C25’s external 
memory by asserting HOLD low. This causes the SMJ320C25 to place its address, data, and control 
lines in a high-impedance state, and assert HOLDA. Program execution from on-chip memory may proceed 
concurrently while the device is in the hold mode. 
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instruction set 


The SMJ320C25 microprocessor implements a comprehensive instruction set that supports both numeric- 
intensive signal processing operations as well as general-purpose applications, such as multiprocessing 
and high-speed control. The SMJ32020 source code is upward-compatible with SMJ320C25 source code. 
SMJ32020 object code runs directly on the SMJ320C25. 


For maximum throughput, the next instruction is prefetched while the current one is being executed. Since 
the same data lines are used to communicate to external data/program or I/O space, the number of cycles 
may vary depending upon whether the next data operand fetch is from internal or external program memory. 
Highest throughput is achieved by maintaining data memory on-chip and using either internal or fast external 
program memory. 


addressing modes 


The SMJ320C25 instruction set provides three memory addressing modes: direct, indirect, and immediate 
addressing. 


Both direct and indirect addressing can be used to access data memory. In direct addressing, seven bits 
of the instruction word are concatenated with the nine bits of the data memory page pointer to form the 
16-bit data memory address. Indirect addressing accesses data memory through the eight auxiliary registers. 
In immediate addressing, the data is based on a portion of the instruction word(s). 


In direct memory addressing, the instruction word contains the lower seven bits of the data memory address. 
This field is concatenated with the nine bits of the data memory page pointer to form the full 16-bit address. 
Thus, memory is paged in the direct addressing mode with a total of 512 pages, each page containing 
128 words. 


Eight auxiliary registers (ARO-AR7) provide flexible and powerful indirect addressing. To select a specific 
auxiliary register, the Auxiliary Register Pointer (ARP) is loaded with a value from O through 7 for ARO 
through AR7, respectively. 


There are seven types of indirect addressing: auto-increment or auto-decrement, post-indexing by either 
adding or subtracting the contents of ARO, or single indirect addressing with no increment or decrement 
and bit-reversal addressing (used in FFTs) with increment or decrement. All operations are performed on 
the current auxiliary register in the same cycle as the original instruction, followed by a new ARP value 
being loaded. 


repeat feature 


A repeat feature, used with instructions such as multiply/accumulates, block moves, I/O transfers, and 
table read/writes, allows a single instruction to be performed up to 256 times. The repeat counter (RPTC) 
is loaded with either a data memory value (RPT instruction) or an immediate value (RPTK instruction). The 
value of this operand is one less than the number of times that the next instruction is executed. Those 
instructions that are normally multicycle are pipelined when using the repeat feature, and effectively become 
single-cycle instructions. 


instruction set summary 


Table 1 lists the symbols and abbreviations used in Table 2, the instruction set summary. Table 2 consists 
primarily of single-cycle, single-word instructions. Infrequently used branch, !/O, and CALL instructions 
are multicycle. The instruction set summary is arranged according to function and alphabetized within each 
functional grouping. The symbol (Tt) indicates those instructions that are not included in the SMJ32010 
instruction set. The symbol (+) indicates instructions that are not included in the SMJ32020 instruction set. 
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TABLE 1. INSTRUCTION SYMBOLS 


SYMBOL | MEANING 


4-bit field specifying a bit code 
2-bit field specifying compare mode 
Data memory address field 

Format status bit 

Addressing mode bit 

Immediate operand field 


Port address (PAO through PA15 are predefined 
assembler symbols equal to O through 15, 


respectively). 

2-bit field specifying P register output shift code 
3-bit operand field specifying auxiliary register 
4-bit left-shift code 

3-bit accumulator left-shift field 
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TABLE 2. SMJ320C25 INSTRUCTION SET SUMMARY 


ACCUMULATOR MEMORY REFERENCE INSTRUCTIONS 


INSTRUCTION BIT CODE 


1514131211109 8 76543 2 1 0 
0 0 1 


10 17 7 
—_§__)p—___> 
So 
<+—____p—____» 


MNEMONIC DESCRIPTION 


Absolute value of accumulator 


Add to accumulator with shift 


Add to accumulator with carry 
ADDH Add to high accumulator 
Add to accumulator short immediate 


Add to low accumulator with sign 
extension suppressed 


ADpT! Add to accumulator with shift specified by 
T register 
ADLK? Add to accumulator long immediate with shift 


AND with accumulator 


AND immediate with accumulator with shift 


Complement accumulator 


Load accumulator with shift 


Load accumulator immediate short 


Load accumulator with shift specified by T register 
LALK! Load accumulator long immediate with shift 


NEGt Negate accumulator 


Normalize contents of accumulator 


OR with accumulator 
OR immediate with accumulator with shift 


Rotate accumulator left 


ROR? Rotate accumulator right 

SACH Store high accumulator with shift 

SACL Store low accumulator with shift 

SBLK! Subtract from accumulator long immediate with shift 
SFLT Shift accumulator left 

SFR? Shift accumulator right 


Subtract from accumulator with shift 


Subtract from accumulator with borrow 


Conditional subtract 


O- Geaaoodbww = COs ses Ose 4ew O26 ao » 6 a 
ef st es as Oak a a ak a et er tO rr OS as esses 
Oeoooeo0oecoooo4= ns 80 O00GCOGoFOG ses OGG Oo 
eoooooroosoose oO oOdwooooH 6 = 


SUBH Subtract from high accumulator 
SUBK+ Subtract from accumulator short immediate 
SUBS Subtract from low accumulator with sign 


extension suppressed 


SUBTT Subtract from accumulator with shift specified by 


T register 


Exclusive-OR with accumulator 
Exclusive-OR immediate with accumulator with shift 


Zero accumulator 


ZALH Zero low accumulator and load high accumulator 


ZALR+ Zero low accumulator and load high accumulator 


with rounding 


ZALS Zero accumulator and load low accumulator with 


sign extension suppressed 


TThese instructions are not included in the SMJ32010 instruction set. 
tThese instructions are not included in the SMJ32020 instruction set. 
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TABLE 2. SMJ320C25 INSTRUCTION SET SUMMARY (CONTINUED) 


AUXILIARY REGISTERS AND DATA PAGE POINTER INSTRUCTIONS 


NO. INSTRUCTION BIT CODE 
WORDS 


1514131211109 8 765 43 2 10 


MNEMONIC 


DESCRIPTION 


Add to auxiliary register short immediate 1 0O711131131110—_——K—— > 
CMPRt Compare auxiliary register with auxiliary register ARO 1 11001110010 1 0 0<@CMr 
LAR Load auxiliary register 1 00110 <R—~ | <——D)D— > 
LARK Load auxiliary register short immediate 1 11000 #2 «.———(K(——— >> 
LARP Load auxiliary register pointer 1 010310101 1000 1 <R-> 
LDP Load data memory page pointer 1 0101°0010t~—_——)D-_> 
LDPK Load data memory page pointer immediate 1 1100100~~——DP— > 
LRLKT Load auxiliary register long immediate 2 11010-#RY 00000000 
MAR Modify auxiliary register 1 01010101i%t4~.-——D)-—_> 

Store auxiliary register 1 011%10++*R- | <)> 

Subtract from auxiliary register short immediate 1 0111111 —_K pe 


T REGISTER, P REGISTER, AND MULTIPLY INSTRUCTIONS 


NO. INSTRUCTION BIT CODE 
MNEMONIC DESCRIPTION 
WORDS 


WiMiZIZ11108 67658432710 
Add P register to accumulator 1100111000010 710 4 
Load high P register 01 0190011%t)_—)——> 
Load T register 007117171001 ——)D-——— Pp 
Load T register and accumulate previous product 00111101ft-_-—D-—> 
Load T register, accumulate previous product, 0014114111) 
and move data 
Load T register and store P register in accumulator 1 UP 11th > ——)————-_ 
Load T register and subtract previous product 1 0103143103d314sC—_——D—-—> 
Multiply and accumulate 2 07103111011) -—D—— > 
Multiply and accumulate with data move 2 0103%3%%1%100t\t~=——D-—> 
Multiply (with T register, store product in P register) 1 00111000\1\1~*——D-—_—> 
Multiply and accumulate previous product 1 00111%1010tf——D——r 
Multiply immediate 1 OQ eS ———— ——([ 
Multiply and subtract previous product 1 00111%10131t*—D—> 
Multiply unsigned 1 11001711711ts--_—D—-—> 
Load accumulator with P register 1 11 00711900001010 0 
Subtract P register from accumulator 1 1100111000010 1 1 0 
Store high P register 1 “Oo1T1T1 1217101 l—_—)——> 
Store low P register 1 CTT 11 iieeh) el) 
Set P register output shift mode 1 110011 1000 0 0 1 0<PMr 
Square and accumulate 1 O07TT1 OO 1) ——/l——— + 
Square and subtract previous product 1 01013110310t'tb——D-_> 


tThese instructions are not included in the SMJ32010 instruction set. 
tThese instructions are not included in the SMJ32020 instruction set. 
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TABLE 2. SMJ320C25 INSTRUCTION SET SUMMARY (CONTINUED) 


BRANCH/CALL INSTRUCTIONS 


NO. INSTRUCTION BIT CODE 
MNEMONIC DESCRIPTION 
WORDS 


1514131211109 876543210 
11 ee 
00 


Branch unconditionally 

Branch to address specified by accumulator 
Branch on auxiliary register not zero 
Branch if TC bit + O 

Branch if TC bit = O 

Branch on carry 

Branch if accumulator = O 

Branch if accumulator > O 

Branch on 1/O status = O 

Branch if accumulator < O 

Branch if accumulator < O 

Branch on no carry 

Branch if no overflow 

Branch if accumulator 

Branch on overflow 

Branch if accumulator 

Call subroutine indirect 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
Call subroutine 1 
1 


1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
@) 
1 
1 
1 
1 
1 
1 
1 


2 
1 
2 
2 
2 
2 
2 
2 
Z 
Zz 
2 
2 
2 
2 
2 
2 
1 
2 
1 


O-0Of+4 4242042422204 20- 
GO- O88 = 244424 44 teow oer oO = 
== 45 0000 +0 006060 2.444 4 4 
awe ses OP ss OGOO-+-600 62 4 
aoe ew OOH vw eos OO] 0600 = = 
Onc o Or ws Bs HOO 5 60 - = Oo 


Return from subroutine 


1/0 AND DATA MEMORY OPERATIONS 


NO. INSTRUCTION BIT CODE 
DESCRIPTION 
WORDS 


151413121110 9 5 43 2 1 0 
Block move from data memory to data memory 
Block move from program memory to data memory 


8 
170 1 

17120 0 

Data move in data memory Oo 1 1 0 
Format serial port registers : i oe 


Input data from port <PA—> 


' 


Output data to port 

Reset serial port frame synchronization mode 
Reset serial port transmit mode 

Reset external flag 

Set serial port frame synchronization mode 
Set serial port transmit mode 

Set external flag 

Table read 

Table write 


- lc ell etl tl ll Ol rc lhl CS OK ON 


a 
| 
| 
| 

O 
| 
| 

O 

O 

O 

O 

O 

O 
| 
| 


ee ee ee ee ee ee ee ee a ee ee | 
aocoeceoaco- oo G6 = « 
-~=s=Ooeo oc oc ooo ds = = = 
—=— OO Oo Oo Oo OC © 


a ee ee ee ee ee ee | 
Oo ort - + | | 
0oorf-f - +--+ eS lS 


TThese instructions are not included in the SMJ32010 instruction set. 
tThese instructions are not included in the SMJ32020 instruction set. 
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TABLE 2. SMJ320C25 INSTRUCTION SET SUMMARY (CONCLUDED) 


CONTROL INSTRUCTIONS 


NO. INSTRUCTION BIT CODE 
WORDS 


MNEMONIC DESCRIPTION 


1514131211109 8 765 43 2 1 0 


BITT Test bit 1 1001<«—B—» | <+——)D—— > 
BITTT Test bit specified by T register 1 CO1te te titi D-————- 
CNFDt Configure block as data memory 1 1100771000000 106 0 
CNFPt Configure block as program memory 1 1 7O 0 TT 100000010 1 
DINT Disable interrupt 1 11003141 1100000000=+4 
EINT Enable interrupt 1 tT OOTT1TOOO0D 0 O0 6 DO 
IDLEt Idle until interrupt 1 11003111000031%11 141 
LST Load status register STO 1 OTTO OSoOO ) —————)———— + 
LsT11 Load status register ST1 1 01010001 1 «———D——> 
NOP No operation 1 0101031031 0000000 0 
POP Pop top of stack to low accumulator 1 rr?’ TOO rT1TI COeodOo11T YT @ 1 
PoPD! Pop top of stack to data memory 1 011431171 901O0O0t%bt.—_D-—> 
PSHD? Push data memory value onto stack 1 0o101310100t—_——D)-—_> 
PUSH Push low accumulator onto stack 1 1TOotT ?TtioOooogo+t 11900 
Rct Reset carry bit 1 1100711711710001171000 0 
RHM+ Reset hold mode 1 1100777000771 1000 
ROVM Reset overflow mode 1 11 OO T1TT7TOO0C 8B O00 T ODO 
RPT! Repeat instruction as specified by data memory value 1 01 0 071017111 ——)—— > 
RPTKT Repeat instruction as specified by immediate value 1 1100 704 4 ——————- 
RSxmt Reset sign-extension mode 1 TTGeetT Tt eoedeovosvdits) 
RTC? Reset test/control flag 1 11001%1100031%1001 0 
sct Set carry bit 1 1100111000311000 1 
SHM? Set hold mode 1 T1O00TITIO0R 111061 
| SOVM Set overflow mode 1 TT OOTtT TTtTOoeo 8 Oo eet ft 
oot Store status register STO 1 0111711710001)» 
ssTit Store status register ST1 1 0O111100%1 1 «<——D——» 
SSXM! Set sign-extension mode 1 11 0011140800000 11 1 
sTc* Set test/control flag 1 110 C1LTi CHOOT OHO 4 1 
TRAP! Software interrupt 1 17y,7@0 1741171 @&eceoogdttittitg 


TThese instructions are not included in the SMJ32010 instruction set. 
tThese instructions are not included in the SMJ32020 instruction set. 
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development systems and software support 


Texas Instruments offers concentrated development support and complete documentation for designing 
an SMJ320C25-based microprocessor system. When developing an application, tools are provided to 
evaluate the performance of the processor, to develop the algorithm implementation, and to fully integrate 
the design’s software and hardware modules. When questions arise, additional support can be obtained 
by calling the nearest Texas Instruments Regional Technology Center (RTC). 


Sophisticated development operations are performed with the TMS320C25 Macro Assembler/Linker, 
Simulator, and Emulator (XDS). The macro assembler and linker are used to translate program modules 
into object code and link them together. This puts the program modules into a form which can be loaded 
into the TMS320C25 Simulator or Emulator. The simulator provides a quick means for initially debugging 
SMJ320C25 software while the emulator provides the real-time in-circuit emulation necessary to perform 
system level debug efficiently. 


Table 3 gives a complete list of SMJ320C25 software and hardware development tools. 


TABLE 3. TMS/SMJ320C25 SOFTWARE AND HARDWARE SUPPORT 


AARNE GATINEAU 
DEC VAX 
TBM PC 
Tro 
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absolute maximum ratings over specified temperature range (unless otherwise noted)t 


Supply voltage range, VCC} ...... 0.0 ee ce eee eee e cnet eee eneaas -O0.3Vto7V 
WIE WOES TONE 6 bk ec 55044 Ob DE WRES Oe Ck Ch Oh ESE ES Oe HE Coe -O0.3Vto7V 
WUtpUE VONAGE FANGS oie cde icc ce ese bbe eee ee meen ene dake ded bdedan wa ws -0.3 Vto7V 
Continuous power dissipation ...........0 0.000 ccc ee eee ee ee eee ee eee eee 1.0 W 
Storage temperature range .......... 0... ce ee ee eee eee eee ~65°C to 150°C 


T Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

All voltage values are with respect to Vss. 


recommended operating conditions 


Vcc Supply voltage 


D15-D0, FSX 


CLKR, CLKX 


CLKIN 


D15-DO, FSX, CLKIN, CLKR, CLKX 


| | 
Ta Operating free-air temperature ——=—SSC~C~“~S~‘“*“*~‘“—*~‘“‘~‘“‘~‘“~“~dtCBC 
125 


_— SMJ320C25-50 
PARAMETER SMJ320C25 
CONDITIONS 
MIN TYP MAX 


Voc = MIN, Io = MAX 
i|___Input current [SC = VgstoVecSC~d OC] 
Icc Supply current Vcc =. fy = MAX 

a 

[Co Output capacitance 


SAll typical values are at Vec = 5V, Ta = 25°C. 


si 


{ y ~ Caution. This device contains circuits to protect its inputs and outputs against damage due to high static voltages or electrostatic 

fields. These circuits have been qualified to protect this device against electrostatic discharges (ESD) of up to 2 kV according 
to MIL-STD-883C. Method 3015; however, it is advised that precautions be taken to avoid application of any voltage higher than maximum 
rated voltages to these high-impedance circuits. During storage or handling, the device leads should be shorted together or the device 
should be placed in conductive foam. In a circuit, unused inputs should always be connected to an appropriated logic voltage level, preferably 
either Vcc or ground. Specific guidelines for handling devices or this type are contained in the publication ‘‘Guidelines for Handling Electrostatic- 
Discharge Sensitive (ESDS) Devices and Assemblies’’ available from Texas Instruments. 
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CLOCK CHARACTERISTICS AND TIMING 


The SMJ320C25 can use either its internal oscillator or an external frequency source for a clock. 


internal clock option 


The internal oscillator is enabled by connecting a crystal across X1 and X2/CLKIN (see Figure 2). The 
frequency of CLKOUT1 is one-fourth the crystal fundamental frequency. The crystal should be either 
fundamental or overtone mode, and parallel resonant, with an effective series resistance of 30 ohms, a 
power dissipation of 1 mW, and be specified at a load capacitance of 20 pF. Note that overtone crystals 
require an additional tuned LC circuit (see the application report, Hardware /nterfacing to the TMS320C25). 


SMJ320C25-50 SMJ320C25 
PARAMETER TEST CONDITIONS 
MIN TYP MAX | MIN TYP MAX 
te Input clock frequency Ta = 55°C MIN 6.77 50.01 | 6.7t 40.01 


TThis parameter is not production tested. 


pF 


CRYSTAL 


C1 U C2 
I tT 


FIGURE 2. INTERNAL CLOCK OPTION 


ferystal 
SMJ320C25 +5V ry 


‘74HC04 


sMIa20C2650 | __ 60.00 | 11 
smj320c25_ [| 40.00 sf 18 


FIGURE 3. EXTERNAL CLOCK OPTION 


Shown above is a crystal oscillator circuit suitable for providing the input clock signal to the SMJ320C25. Please 
refer to Hardware Interfacing to the TMS320C25 (document number SPRAO14A) for details on circuit operation. 
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external clock option 


An external frequency source can be used by injecting the frequency directly into X2/CLKIN with X11 left 
unconnected. The external frequency injected must conform to the specifications listed in the following table. 


switching characteristics over recommended operating conditions (see Note 1) 


SMJ320C25-50 SMJ320C25 
PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX 


te(C) CLKOUT1/CLKOUT2 cycle time 80.0 600 100 600 


tf(C) CLKOUT1/CLKOUT2/STRB fall time 


tr(C) CLKOUT1/CLKOUT2/STRB rise time 


tw(CH) CLKOUT1/CLKOUT2 high pulse duration 
CLKOUT1 high to CLKOUT2 low, 


t : 
d(C1-C2) 1 KQUT2 high to CLKOUT1 high, etc. 


NOTE 1: Q = 1/4tg(¢). 


timing requirements over recommended operating conditions (see Note 1) 


att | ttc | OT 

MIN NOM MAX | MIN NOM MAX 

25 150 

Tew(Cit) CLKIN low pulse duration, teigy = 25 na (eco Note ——=«t 8 SSSCS~S~sCOSSCSC~SS 

Ptw(Cikiy CLKIN high pulse duration, te(ciy = 25 ne (eee Note 2 =< 8 SCSCS~sdCSSCSC~*SS 

Peuts) SYNC setup time befow GLKINiow——SSCSC~‘idC SSC | 
3s 


this) SYNC hold time from CLKIN low 


NOTES: 1. Q = 1/4tg(¢). 
2. CLKIN duty cycle [tr(c}) + tw(CIH)]/te(c}) Must be within 40-60%. CLKIN rise and fall times must be less than 5 ns. 


Vv 


loH/!OL 
FROM OUTPUT 


UNDER TEST TEST 
POINT 


To = 80 pF 


FIGURE 4. TEST LOAD CIRCUIT 


ee —— Vin (MIN) 24V~ 


s ———=— Von (MIN 
aia 2.2V= - vain 
Le es a rs, 08 V~™~ 
erences Vi (MAX) ee —— Voi (MAX) 
0 


(a) INPUT (b) OUTPUTS 
FIGURE 5. VOLTAGE REFERENCE LEVELS 
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MEMORY AND PERIPHERAL INTERFACE TIMING 


switching characteristics over recommended operating conditions (see Note 1) 


MJ320C25- 
PARAMETER SMJ320C25-50 SMJ320C25 UNIT 
MIN TYP MAX MIN TYP MAX 


Faic2-s) CLKOUT2 to STRB (STAB is present) ——~——S«dL Sir? SCSCs=—iYC‘ SCC 
Piva) Address hold time after STAB high (sxe Note 3) ——~+|_a-4——~S~sd~Ci 
tw(SL) STRB low pulse duration (no wait states, see Note 4) 


pons 

pons 

| ons | 

| ons | 

STRB pons 
STRB high pulse duration (between consecutive cycles, 

ts(SH) 20-5 20+5 20 os 

| ns | 

pons 

[ons | 

| ons | 

[ins | 


see Note 4) 


SMJ320C25-50 
MIN TYP MAX 


Read data access time from address time 


t 
a(A) (read cycle, see Notes 3 and 5) 


tT This parameter is not production tested. 
NOTES: 1. Q = 1/4t,¢). 
3. A15-A0, PS, DS, IS, R/W, and BR timings are all included in timings referenced as ‘‘address’’. 
4. Delays between CLKOUT1/CLKOUT2 edges and STRB edges track each other, resulting in tw(SL) and tw(SH) being 20 
with no wait states. 
5. Read data access time is defined as ta(A) = tsu(A) + tw(SL) — tsu(D)R + tr(C)- 
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RS, INT, BIO, AND XF TIMING 


switching characteristics over recommended operating conditions (see Note 1) 


PARAMETER SMJ320C25-50 SMJ320C25 UNIT 
MIN TYP MAX MIN TYP MAX 


td(RS) CLKOUT1 low to reset state entered 
td(IACK) _CLKOUT1 to TACK valid 
tg(xF) XE valid before falling edge of STRB |a-10 =i 


TThis parameter is not production tested. 


timing requirements over recommended operating conditions (see Note 1) 


SMJ320C25-50 SMJ320C25 UNIT 
MIN NOM MAX MIN NOM MAX 


Teainy) INT/SIOIAS setup bofow LKOUTi neh —SCSC~“~idCi Cie 
Conan) TNTIBIOIRS hold ater LKOUTI high ——SC~—iSSSC~iSC id 
Cewtnyy INTISIO low puis duration tg | tg) id 


HOLD TIMING 


switching characteristics over recommended operating conditions (see Note 1) 


SMJ320C25-50 
PARAMETER 
MIN TYP MAX 


td(C1L-AL) HOLDA low after CLKOUT1 low | tH 


a Address three-state after CLKOUT1 low s0t sot 
dis(C1L-A) (GOLD mode, see Note 7) 


. Address driven before CLKOUT1 low 
en(A-C1L) (HOLD mode, see Note 7) 


timing requirements over recommended operating conditions (see Note 1) 


SMJ320C25-50 
MIN NOM MAX 


td(C2H-H) HOLD valid after CLKOUT2 high P19 | 


T This parameter is not production tested. 
NOTES: 1. Q = 1/4tg¢). 


6. RS, INT, and BIO are asynchronous inputs and can occur at any time during a clock cycle. However, if the specified 
setup time is met, the exact sequence shown in the timing diagram will occur. INT/BIO fall time must be less than 8 ns. 


7. A15-AO, PS, DS, IS, STRB, and R/W timings are all included in timings referenced as ‘‘address.’’ 
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SERIAL PORT TIMING 


ewitehinig characteristics over recommended operating conditions (see Note 1) 


SMJ320C25-50 MJ32 
PARAMETER ° ieee UNIT 
MAX MAX 


ee es eo 
td(FL-Dx) DX valid after FSX falling edge (TXM = 0, see Notes) | OTB ns 
SIS 5M aad dias ee eral re | ee | ee 


timing requirements over recommended operating conditions (see Note 1) 


ee 
MIN NOM MAX MIN NOM MAX 
200 800,000 


Serial port clock (CLKX/CLKR) low pulse duration 
(see Note 9) 
Serial port clock (CLKX/CLKR) high pulse duration 
*w(SCK) (see Note 9) 


; FSX/FSR setup time before CLKX/CLKR 
su(FS) falling edge (TXM = 0) 


tw(SCK) 


; FSX/FSR hold time after CLKX/CLKR 
h(FS) falling edge (TXM = 0) 


tsu(DR) | DR setup time before CLKR falling edge 
th(DR) DR hold time after CLKR falling edge 


NOTES: 1. Q = 1/4tg(¢). 
8. The last occurrence of FSX falling and CLKX rising. 
9. The duty cycle of the serial port clock must be within 40-60%. Serial port clock (CLKX/CLKR) rise and fall times must be 
less than 25 ns. 
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TIMING DIAGRAMS 


Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.2 
volts, unless otherwise noted. 


clock timing 


pe— te(Ci)—™| 
: —- rch 
t 
#(Cl) —oy | i | 
cecum KN KN FN FN SNARK S\S VIX 
| — | | rt | 
| 
l Wit ba [t—aHtsuis) tw(CIL) = | | 
fees ——}- —— || 
| l me [| | beet (CIH) 
SYNC l | | 
| td(CIH-C) tT" 
| i cutee mt csash Socata 


me—et td (CIH-C) ie. 


l 
| 
| 7 ber tH CIH-C) | — tr(C) h—t4(C) 
l H 
mi\ | Ff 
| i | 
aed Tigers. | eterna 


be tyy(¢L) ———>4 


| | | | 
CLKOUT2 , | | | | 
| 
| | --———twic) ——> | | | 


| 

| 

bee tqC1-C2) | ew tC 1-C2) 4 | | tric) = Le 
| rm=tgic1-c2)-4 | , 
mtd(C1-C2)= at thc) 
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memory read timing 


r= tg(C1-S)—™ 
| 


| 
| | 
CLKOUT1 NN 
| 


ke tg(C1-S) = 


| 
CLKOUT2 \ 4 \ | ff 


| 

| 
i = C2-S) ! | 
d(C2- 
— -tac2-s) 


| 
a ‘ f =—'wishi 4 \ 
tsu(A) | | 


ath A 
hep tyy($_L) ———o=>4 | (A) 


A15-A0 
er Retna eee (XR 
ety ae : : 
-_ XX xx xy ° BY Y "07 
R/W SORRY 7 be—tsu(D) R= RK 
—_ pv td(SL-R) | 
Z 


(x / OOO SOC CK XX XX V XXX KK KKK KKK ) 
READY OORXXRXXXXXXXAXAXAKY | | NERA 


> thisL-R) a er 
r=—th(D)R 
| t (D) 
DATA 


memory write timing 


CLKOUT1 i ey rs. cae 
cLKouT2 \ / \ / 


| 
A15-A0 or) Vay, 
a OX) 4% 
BR.PS,DS. OX | VALID IXXXX) 
| | | 7 
; 4 i | 
= 9% Xr | | (XX 
ni SM | | ORK EK 
| | 
OOK KK X \/ XXXXX XXX XY Y, xX XXX Vay, xX XXX X YOOX av, x) 
READY QIK KKK KKK KR KY KKK KKK) 
tsu(D)W ! *hiD}W 
D15-D0 XO 


OK 
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one wait-state memory access timing 


CLKOUT1 i, eee ee Sn. car 


a5 | 
A15-A0,BR, Tay, \/\/ 
PS,DS,R/W, QD VALID Sees 
oa ie xX) XX) 
| 


OO! LAR OO ROOD 
MEAT RRR AKA ERRRRKRK RK | | RAXRXXKKXKKARKKXR 
| 
. hear 7 7 _ ar be th(M-R) 
D15-DO | | thiM-R)—=t | rv taim-R) 4 | 
(FOR READ 
OPERATION) | | 


D15-D0 


OXXK KN) 
(FOR WRITE AXYYYYS 
OPERATION) | KXAXW 


_ 0°650°0°6.40'0,0'0'050,0'0'056", KKK 
SC LEROY RK RRY), 


—— 
4 
— 


= tq(MSC) 
—— Le timc) 
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reset timing 


CLKOUT1 


A15-A0 


D15-D0 


STRB 


CONTROL 
SIGNALS? 


SERIAL PORT 
CONTROLS+ 


I 
= tsu(IN) 


"0°0°0'0'0'6. 6.660 6.666.606.6666 60.0060 0 66 
RRR RRR RRR KRY 


| 
| 
SOIR RNR NGS 
| 
STARR NRE 


I HK KKK IKK KY 


XX (X (x (X o (X cy (X o (x XXX (X cy (Xx (X Cx XX xX XXX oe (xX CX (y 
KKK KKK KKK KI IY 


"0°0"0' 0°06. 6,666.6 666.6 CXX KX) 
KY KK) ASX), 


"0°0'6'0,0'6.6'0. 6666.66.06. 6 666606600666 
I KK KKK KKK KY 


TControl signals are DS, IS, R/W, and XF. 
tSerial port controls are DX and FSX. 


interrupt timing 


| 

| ' | 

| | t | 
| h(IN) 

‘ td(RS) | —— 


a win X 


BEGIN 
PROGRAM 
EXECUTION 


EKKO 0°0500'0'6°0; 
AARYY) RK 


CLKOUT1 ! 
| | 
| | 
| l 
STRB | 
| 
~~  tou(in) | —| beth (IN) 
tw(IN) | l 
INT2.INTO | 2 


—— =f tEIN) | 


A15-A0 


| | 
FETCH N+ 1 FETCH | 
| 


tawACK) = 


\/ 


0.9.9,9.9.9, 


weit 


| —=| = tdiack) 


TL KKK PKK RK KKKKLD 
KRY QR), KR QOOKQ 
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BIO timing 


“ee NAVY VY YY 
| 
| 
| 
| 
| 
| 


“ Ny A ee A ee A ee Ne 


| FETCH FETCH 
| BRANCH ADDRESS NEXT INSTRUCTION 


A15-A0 


PC=N 


= PC=N+2 PC=N+3 
l We OR BRANCH ADDRESS 


PC=N+1 


OOO COCCCCCECOY OK OX YY COO OO Onn 
ROY RX LOO oes Ory OY 


xX XxX XXX 


external flag timing 


owt NN NF NS 


el be taixe) 


PC=N PC=N+1 PC=N+2 PC=N+3 


EUMM MUU CMM NAAT OCMM IMI CU NIA CCUIIIAIS 
EO OOOCOOOCOOOCNOONOOENOONNOONE OK vy 


TEXAS 4 


INSTRUMENTS 


14-176 POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


SMJ320€25, SMJ320025-50 
DIGITAL SIGNAL PROCESSORS 


HOLD timing (part A) 


—_ NG A ee A ee 
| 
. | 
| 
CLKOUT2 | 


-_ - td(C2H-H) ' 


HOLD \ 
| 

= 

wow XK KE 
| : 

28 eB 
OR IS i 


| 
R/W i 


— pl - tdis(C1L-A) 


men 6) (9) 4 


| 
| gol ee tdis(AL-A) 
| 


HOLDA | \ I 
| 


—wl kee ty(CIL-AL) 


FETCH 


N — 2 ~ N 
EXECUTE _ ; 


THOLD is an asynchronous input and can occur at any time during a clock cycle. If the specified timing is met, the exact sequence shown 
will occur; otherwise, a delay of one CLKOUT2 cycle will occur. 
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HOLD timing (part B) 


| 
| 


—— he ton(A-C1L) 


ep tgic2H-H)" l 


HOLD j l 
l | 
| 
| 


| 
pe) pee td (HAH) | 
| 
HOLDA | | 
| 
| 
8 
VAVAVAY, 
(\/\/\/\ 
FETCH ee = NiZ 
EXECUTE _ a - eee 


THOLD is an asynchronous input and can occur at any time during a clock cycle. If the specified timing is met, the exact sequence shown 
will occur; otherwise, a delay of one CLKOUT2 cycle will occur. 
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serial port receive timing 


pm—— te(SCK) ——ol 
tw(SCK) 
j r(SCK) — 


i { 


thiFS) | | 
fo | tf(SCK) om b— | 


thiDR)I—} 
FSR : 1 | xa——emt}— tw(SCK) 
| ee 
al be tsulFs) L+}-tsuioR) N=8,16 


\/ KX KX CCCEOEEOES (XXX OOOO N 
OF RACES, Sy) 


serial port transmit timing 


p——tc(SCK) ——™ 


| 
a tr(SCK) 
tw(SCK)—-°—™ ; i“ r 


| 

| | | 

| thiFS) +e tsck)——! | | 
' 

| 


FSX hot tw(SCK) 
(INPUT,TXM=0) | _/| 7 ne td(CH-DX) 
| ee eee 
bew—tsu(FS) | | | 


bee-et— td (CH-DX)] 


7 td(FL-DX) "7-1 


—al t ’ | 
: alls b—emt— td (CH-FS) 
| 


FSX 
(OUTPUT,TXM = 1) 
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APRIL 1990 


* 100-ns Instruction Cycle Time 


* 1568 Words of Configurable On-Chip 
Data/Program RAM 


* 256 Words of On-Chip Program ROM 

* 128k Words of Data/Program Space 

* Pin-for-Pin Compatible with the SMJ320C25 
* Sixteen Input and Sixteen Output Channels 
* 16-Bit Parallel Interface 


* Directly Accessible External Data Memory 
Space 


* Global Data Memory Interface 
* 16-Bit Instruction and Data Words 
® 32-Bit ALU and Accumulator 


* Single-Cycle Multiply/Accumulate 
Instructions 


* 0 to 16-Bit Scaling Shifter 
* Bit Manipulation and Logical Instructions 


* Instruction Set Support for Floating-Point 
Operations, Adaptive Filtering, and 
Extended-Precision Arithmetic 


* Block Moves for Data/Program 
Management 


* Repeat Instructions for Efficient Use of 
Program Space 


* Eight Auxiliary Registers and Dedicated 
Arithmetic Unit for Indirect Addressing 


® Serial Port for Direct Codec Interface 


* Synchronization Input for Multiprocessor 
Configurations 


* Wait States for Communications to Slow 
Off-Chip Memories/Peripherals 


* On-Chip Timer for Control Operations 


68-PIN GB 
PIN GRID ARRAY CERAMIC PACKAGET 


(TOP VIEW) 


oclUéiNlCUmelCUDP 


See Pin Assignments Table (Page 2) and 
Pin Nomenclature Table (Page 3) for location 
and description of all pins. 


Three External Maskable User Interrupts 


Input Pin Polled by Software Branch 
Instruction 


Programmable Output Pin for Signaling 
External Devices 


1.6-um CMOS Technology 
Single 5-V Supply 
On-Chip Clock Generator 


Packaging: 

— 68-Pin Leaded Ceramic Chip Carrier 
(FJ Suffix) 

— 68-Pin Leadless Ceramic Chip Carrier 
(FD Suffix) 

— 68-Pin Grid Array Ceramic Package 
(GB Suffix) 


Military Operating Temperature 
Range ...—55° to 125°C 


PRODUCTION DATA documents contain Information current 
as of publication date. Products conform to specifications 
per the terms of Texas Instruments standard warranty. 
Production processing does not necessarily include testing 
of all parameters. 


wis Copyright © 1990, Texas Instruments Incorporated 
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description 68-PIN FJ AND FD 
LEADED AND LEADLESS 
The SMJ320C26 Digital Signal Processor is a CERAMIC OM EIA PACKAGEST 


member of the TMS320 family of VLSI digital signal 
processors and peripherals. The TMS320 family 
supports a wide range of digital signal processing 
applications, such as telecommunications, modems, 
image processing, speech processing, spectrum 
analysis, audio processing, digital _ filtering, 
high-speed control, graphics, and other computation 
intensive applications. 


IACK 
MSC 
CLKOUT1 
CLKOUT2 


With a 100-ns instruction cycle time and an innovative Fox 


memory configuration, the SMJ320C26 performs op- 
erations necessary for many real time digital signal 
processing algorithms. Since most instructions re- 
quire only one cycle, the SMJ320C26 is capable of ex- 
ecuting ten million instructions per second. On-chip 
programmable data/program RAM of 1568 words of 
16 bits, on-chip program ROM of 256-words, direct 
addressing of up to 64K-words of external program 
and 64K-words of data memory space, and multipro- tSee Pin Assignments Table (Page 2) and Pin 
cessor interface features for sharing global memory Nomenclature Table (Page 3) for location and 
minimize unnecessary data transfers to take full ad- description of all pins. 

vantage of the capabilities of the processor. 


x1 


The SMJ320C26 scaling shifter has a 16-bit input connected to the data bus and a 32-bit output connected to 
the ALU. The scaling shifter produces a left shift of 0 to 16 bits on the input data, as programmed in the instruction. 
The LSBs of the output are filled with zeroes, and the MSBs may be either filled with zeroes or sign-extended, 
depending upon the status programmed into the SXM (sign-extension mode) bit of status register ST1. 


PGA/LCCC/JLCC PIN ASSIGNMENTS 


FUNCTION FUNCTION FUNCTION FUNCTION FUNCTION FUNCTION 


K1/26 | A12 K8/40 A5/3 INT2 H1/22 | Vcc H2/23 
i. K2/28 | A13 L9/41 B6/2 is J11/46 | Voc L6/35 
A2 L3/29 | A14 K9/42 J1/24 MP/MC —A6/1 Vss B1/10 
A3 K3/30 | A15 L10/43 K10/45 | MSC C10/59 | Vss K11/44 
A4 L4/31 | BIO B7/68 E11/54 | PS J10/47 | Vss L2/27 
A5 K4/32 | BR G11/50 J2/25 READY 88/66 | XF D11/56 
A6 L5/33 | CLKOUT1 C11/58 F10/53 | RS A8/65 | X1 G10/51 
A7 K5/34 | CLKOUT2 D10/57 A7/67 R/W H11/48 | X2/CLKIN F11/52 
A8 K6/36 | CLKR B9/64 E10/55 | STRB H10/49 
AQ L7/37 | CLKX A9/63 B11/60 | SYNC F2/19 
A10 K7/38 | DO F1/18 G1/20 | Voc A10/61 

L8/39 | D1 E2/17 G2/21 Voc B10/62 
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CLKOUT1 


| 
O 

| 
O 


O 
1/O/Z 
O/Z 
O/Z 
O/Z 
O/Z 


PIN NOMENCLATURE 


DEFINITION 


5-V supply pins. 

Ground pins. 

Output from internal oscillator for crystal. 

Input to internal oscillator from crystal or external clock. 
Master clock output (crystal or CLKIN frequency/4). 

A second clock output signal. 

16-bit data bus D15 (MSB) through DO (LSB). Multiplexed between program, data and |/O spaces. 
16-bit address bus A15 (MSB) through AO (LSB). 
Program, data and |/O space select signals. 
Read/write signal. 

Strobe signal. 

Reset input. 

External user interrupt inputs. 
Microprocessor/microcomputer mode select pin. 
Microstate complete signal. 

Interrupt acknowledge signal. 


Data ready input. Asserted by external logic when using slower devices to indicate that the current bus 
transaction is complete. 


Bus request signal. Asserted when the SMJ320C26 requires access to an external global data 
memory space. 


External flag output (latched software — programmable signal). 


Hold input. When asserted, SMJ320C26 goes into an idle mode and places the data address and control 
lines in the high-impedance state. 


Hold acknowledge signal. 

Synchronization input. 

Branch control input. Polled by BIOZ instruction. 

Serial data receive input. 

Clock input for serial port receiver. 

Frame synchronization pulse for receive input. 

Serial data transmit output. 

Clock input for serial port transmitter. 

Frame synchronization pulse for transmit. May be configured as either an input or an output. 


T 1/O/Z denotes input/output/high-impedance state. 
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functional block diagram (SMJ320C26) 


re ROGRAM BUS 
Y¥o5> 
3 oP? 
nin = 
IZ|B\e a x g roan) 
R/W 
STRB 
READY 
BR i 
XF 3 ig 
= FSR 
HOLDA 5 “ 
MSC © s 
aa oO CLKX 
bo 16 FSX 
RS > 
IACK 
— A PROGRAM DRR(16 
INT (2-0) ROM 
16 (256 x 16) TIM(16 
16 


tyr 
Be. a 


ARO0(16) SHIFTER(0-16 


SHIFTER (6.0.1.4 


DATA DATA/PROG DATA/PROG DATA/PROG 
RAM (32 x 16) RAM (512 x 16) RAM (512 x 16) RAM (512 x 16) 
BLOCK B2 BLOCK B3 BLOCK B1 BLOCK Bo 


ACCL(16 


SHIFTERS (0- 


DATA BUS - 
LEGEND 
ACCH = = Accumulator high IFR = Interrupt flag register PC = Program counter 
ACCL = Accumulator low IMR = __ Interrupt mask register PFC = Pretetch counter 
ALU = _ Arithmetic logic unit IR = Instruction register RPTC = Repeat instruction counter 
ARAU = _ Auxiliary register arithmetic unit MCS = _ Microcall stack GREG = Global memory allocation register 
ARS = _ Auxiliary register pointer buffer QIR = Queue instruction register RSR = Serial port receive shift register 
ARP = _ Auxiliary register pointer PR = Product register XSR = Serial port to transmit shift register 
DP = Data memory page pointer PRD = _ Product register for timer ARO-AR7 = _ Auxiliary registers 
DRR = _ Serial port data receive register TIM =~ Timer ST0,ST1 = _ Status registers 
DXR = _ Serial port data trademark register TR = Temporary register Cc = Carry bit 


Texas 


INSTRUMENTS 


14-184 POST OFFICE BOX 1443. ® HOUSTON, TEXAS 77001 


SMJ320C26 
DIGITAL SIGNAL PROCESSOR 


architecture 


The SMJ320C26 architecture is based on the SMJ320C25 with a different internal RAM and ROM configuration. 
The SMJ320C26 integrates 256 words of on-chip ROM and 1568 words of on-chip RAM compared to 4K words 
of on-chip ROM and 544 words of on-chip RAM for the SMJ320C25. The SMJ320C26 is pin for pin compatible 
with the SMJ320C25. 


Increased throughput on the SMJ320C26 for many DSP applications is accomplished by means of single cycle 
multiply/accumulate instructions with a data move option, eight auxiliary registers with a dedicated arithmetic 
unit, and faster I/O necessary for data intensive signal processing. 


The architectural design of the SMJ320C26 emphasizes overall speed, communication, and flexibility in the 
processor configuration. Control signals and instructions provide floating point support, block memory transfers, 
communication to slower off-chip devices, and multiprocessing implementations. 

Three large on-chip RAM blocks, configurable either as separate program and data spaces or as three 
contiguous data blocks, provide increased flexibility in system design. Programs of up to 256 words can be 
masked into the internal program ROM. The remainder of the 64K-word program memory space is located 
externally. Large programs can execute at full speed from this memory space. Programs can also be downloaded 
from slow external memory to high speed on-chip RAM. A data memory address space of 64K words is included 
to facilitate implementation of DSP algorithms. The VLSI implementation of the SMJ320C26 incorporates all of 
these features as well as many others, including a hardware timer, serial port, and block data transfer capabilities. 


32-bit ALU accumulator 


The SMJ320C26 32-bit Arithmetic Logic Unit (ALU) and accumulator perform a wide range of arithmetic and logic 
instructions, the majority of which execute in a single clock cycle. The ALU executes a variety of branch 
instructions dependent on the status of the ALU or a single bit in a word. These instructions provide the following 
capabilities: 


e Branch to an address specified by the accumulator. 
e Normalize fixed point numbers contained in the accumulator. 
e Testa specified bit of a word in data memory. 


One input to the ALU is always provided from the accumulator, and the other input may be provided from the 
Product Register (PR) of the multiplier or the input scaling shifter which has fetched data from the RAM on the 
data bus. After the ALU has performed the arithmetic or logical operations, the result is stored in the accumulator. 


The 32-bit accumulator is split into two 16-bit segments for storage in data memory. Additional shifters at the 
output of the accumulator perform shifts while the data is being transferred to the data bus for storage. The 
contents of the accumulator remain unchanged. 


scaling shifter 


The SMJ320C26 scaling shifter has a 16-bit input connected to the data bus and a 32-bit output connected to 
the ALU. The scaling shifter produces a left shift of 0 to 16-bits on the input data, as specified in the instruction 
word. The LSBs of the output are filled with zeroes, and the MSBs may be either filled with zeroes or sign 
extended, depending upon the value of the SXM (sign extension mode) bit of status register STO. 


16 x 16 bit parallel multiplier 


The SMJ320C26 has a 16 x 16 bit-hardware multiplier, which is capable of computing a signed or unsigned 32-bit 
product in a single machine cycle. The multiplier has the following two associated registers: 


e A 16-bit Temporary Register (TR) that holds one of the operands for the multiplier, and 
e A 32-bit Product Register (PR) that holds the product. 


sg 
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Incorporated into the SMJ320C26 instruction set are single-cycle multiply/accumulate instructions that allow both 
operands to be fetched simultaneously. The data for these operations may reside anywhere in internal or external 
memory, and can be transferred to the multiplier each cycle via the program and data buses. 


Four product shift modes are available at the Product Register (PR) output that are useful when performing 
multiply/accumulate operations, fractional arithmetic, or justifying fractional products. 


timer 


The SMJ320C26 provides a memory mapped 16-bit timer for control operations. The on-chip timer (TIM) register 
is a down counter that is continuously clocked by CLKOUT1. A timer interrupt (TINT) is generated every time 
the timer decrements to zero, provided the timer interrupt is enabled. The timer is reloaded with the value 
contained in the period (PRD) register within the next cycle after it reaches zero so that interrupts may be 
programmed to occur at regular intervals of PRD + 1 cycles of CLKOUT1. 


memory control 


The SMJ320C26 provides a total of 1568 words of 16 bit on-chip RAM, divided into four separate blocks (BO, 
Bi, B2, and B3). Of the 1568 words, 32 words (block B2) are always data memory, and all other blocks are 
programmable as either data or program memory. A data memory size of 1568 words allows the SMJ320C26 
to handle a data array of 1536 words, while still leaving 32 locations for intermediate storage. When using BO, 
B1, or B3 as program memory, instructions can be downloaded from external memory into on-chip RAM, and 
then executed. 


When using on-chip program RAM, ROM, or high speed external program memory, the SMJ320C26 runs at full 
speed without wait states. However, the READY line can be used to interface the SMJ320C26 to slower, less 
expensive external memory. Downloading programs from slow off-chip memory to on-chip program RAM speeds 
processing and cuts overall system costs. 


The SMJ320C26 provides three separate address spaces for program memory, data memory, and I/O. The 
on-chip memory is mapped into either the data memory or program memory space, depending upon the choice 
of memory configuration. 


The instruction configuration (parameter) is used as follows to configure the blocks BO, B1, and B3 as program 
or as data memory. 


CONFIGURATION [60 [ 61 | 53 | 


Data Data Data 


Program Data Data 
Program Program Data 
Program Program Program 


Regardless of the configuration, the user may still execute from external program memory. 


The SMJ320C26 provides a ROM of 256 words. The ROM is sufficient to allow the programming of a bootstrap 
program and interrupt handler, or to implement self test routines. 


The SMJ320C26 has six registers that are mapped into the data memory space at the locations 0-5; a serial port 
data receive register, serial port data transmit register, timer register, period register, interrupt mask register, and 
global memory allocation register. 
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interrupts and subroutines 


The SMJ320C26 has three external maskable user interrupts INT2-INTO, available for external devices that 
interrupt the processor. Internal interrupts are generated by the serial port (RINT and XINT), by the timer (TINT), 
and by the software interrupt (TRAP) instruction. Interrupts are prioritized with reset (RS) having the highest 
priority and the serial port transmit interrupt (XINT) having the lowest priority. All interrupt locations are on 
two-words boundaries so that branch instructions can be accommodated in those locations if desired. 


A built in mechanism protects multicycle instructions from interrupts. If an interrupt occurs during a multicycle 
instruction, the interrupt is not processed until the instruction is completed. This mechanism applies both to 
instructions that are repeated or become multicycle due to the READY signal. 


external interface 


The SMJ320C26 supports a wide range of system interfacing requirements. Program, data, and I/O address 
spaces provide interface to memory and 1/O, thus maximizing system throughput. I/O design is simplified by 
having I/O treated the same way as memory. I/O devices are mapped into the I/O address space using the 
processor’s external address and data busses in the same manner as memory-mapped devices. Interface to 
memory and I/O devices of varying speeds is accomplished by using the READY line. When transactions are 
made with slower devices, the SMJ320C26 processor waits until the other device completes its function and 
signals the processor via the READY line, the SMJ320C26 then continues execution. 


A serial port provides communication with serial devices, such as codecs, serial A/D concerters, and other serial 
systems. The interface signals are compatible with codecs and many other serial devices with a minimum of 
external hardware. The serial port may also be used for intercommunication between processors in 
multiprocessing applications. 


The serial port has two memory mapped registers; the data transmit register (DXR) and the data receive register 
(DORR). Both registers operate in either the byte mode or 16-bit word mode, and may be accessed in the same 
manner as any other data memory location. Each register has an external clock, a framing signal, and associated 
shift registers. One method of multiprocessing may be implemented by programming one device to transmit while 
the others are in the receive mode. 
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The flexibility of the SMJ320C26 allows configurations to satisfy a wide range of system requirements. The 
SMJ320C26 can be used as follows: 


e A standalone processor. 

e Amultiprocessor with devices in parallel. 

e A multiprocessor with global memory space. 

e A peripheral processor interfaced via processor controlled signals to another device. 


For multiprocessing applications, the SMJ320C26 has the capability of allocating global data memory space and 
communicating with that space via the BR (bus request) and READY control signals. Global memory is data 
memory shared by more than one processor. Global data memory access must be arbitrated. The 8-bit memory 
mapped GREG (global memory allocation register) specifies part of the SMJ320C26’s data memory as global 
external memory. The contents of the register determine the size of the global memory space. If the current 
instruction addresses a location within that space, BR is asserted to request control of the data bus. The length 
of the memory cycle is controlled by the READY line. 


The SMJ320C26 supports DMA (direct memory access) to its external program/data memory using the HOLD 
and HOLDA signals. Another processor can take complete control of the SMJ320C26’s external memory by 
asserting HOLD low. This causes the SMJ320C26 to place its address, data, and control lines in a high 
impedance state, and assert HOLDA. 


instruction set 


The SMJ320C26 microprocessor implements a comprehensive instruction set that supports both numeric 
intensive signal processing operations as well as general purpose applications, such as multiprocessing and high 
speed control. 


For maximum throughput, the next instruction is prefetched while the current one is being executed. Since the 
same data lines are used to communicate to external data/program or I/O space, the number of cycles may vary 
depending upon whether the next data operand fetch is from internal or external program memory. Highest 
throughput is achieved by maintaining data memory on-chip and using either internal or fast program memory. 


addressing modes 


The SMJ320C26 instruction set provides three memory addressing modes; direct, indirect, and immediate 
addressing. 


Both direct and indirect addressing can be used to access data memory. In direct addressing, seven bits of the 
instruction word are concatenated with the nine bits of the data memory page pointer to form the 16-bit data 
memory address. Indirect addressing accesses data memory through the eight auxiliary registers. In immediate 
addressing, the data is embedded in the instruction word(s). 


In direct addressing, the instruction word contains the lower seven bits of the data memory address. This field 
is concatenated with the nine bits of the data memory page pointer to form the full 16-bit address. Thus, memory 
is paged in the direct addressing mode with a total of 512 pages, each page containing 128 words. 
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Eight auxiliary registers (ARO-AR7) provide flexible and powerful indirect addressing. To select a specific 
auxiliary register, the Auxiliary Register Pointer (ARP) is loaded with a value from 0 through 7 for ARO through 
AR7 respectively. | 


There are seven types of indirect addressing: auto increment, auto decrement, post indexing by either adding 
or subtracting the contents of ARO, single indirect addressing with no increment or decrement and bit reversal 
addressing (used in FFTs) with increment or decrement. All operations are performed on the current auxiliary 
register in the same cycle as the original instruction, followed by an ARP update. 


repeat feature 


A repeat feature, used with instructions such as multiply/accumulates, block moves, I/O transfers, and table 
read/writes, allows a single instruction to be executed up to 256 times. The repeat counter (RPTC) is loaded with 
either a data memory value (RPT instruction) or animmediate value (RPTK instruction). The value of this operand 
is one less than the number of times that the next instruction is executed. Those instructions that are normally 
multicycle are pipelined when using the repeat feature, and effectively become single-cycle instructions. | 


instruction set summary 


Table 1 lists the symbols and abbreviations used in Table 2, the instruction set summary. Table 2 consists primarily 
of single-cycle, single-word instructions. Infrequently used branch, I-O, and CALL instructions are multicycle. The 
instruction set summary is arranged according to function and alphabetized within each functional grouping. The 
symbol (') indicates those instructions that are not included in the SMJ32010 instruction set. The symbol (*) 
indicates instructions that are not included in the SMJ32020 instruction set. The symbol (8) indicates instructions 
that are not included in the SMJ320C25 instruction set. 


TABLE 1. INSTRUCTION SYMBOLS 


syweol | SCOEANING 


4-bit field specifying a bit code 

2-bit field specifying compare mode 
Data memory address field 

Format status bit 

Addressing mode bit 

Immediate operand field 


Port address (PAO through PA 15 are predefined assembler 
symbols equal to 0 through 15 respectively). 

2-bit field specifying P register output shift code 

3-bit operand field specifying auxiliary register 

4-bit left-shift code 

Internal RAM configuration bits 

3-bit accumulator left-shift field 
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TABLE 2. SMJ320C26 INSTRUCTION SET SUMMARY 


ACCUMULATOR MEMORY REFERENCE INSTRUCTIONS 


NO. INSTRUCTION BIT CODE 
MNEMONIC DESCRIPTION 


WORDS {15 14 13 12 11 


Absolute value of accumulator 

Add to accumulator with shift 

Add to accumulator with carry 

Add to high accumulator 

Add to accumulator short immediate 

Add to low accumulator with sign extension suppressed 
Add to accumulator with shift specified by T register 

Add to accumulator long immediate with shift 

AND with accumulator 

AND immediate with accumulator with shift 

Complement accumulator 

Load accumulator with shift 

Load accumulator immediate short 

Load accumulator with shift specified by T register 

Load accumulator long immediate with shift 

Negate accumulator 

Normalize contents of accumulator 

OR with accumulator 

OR immediate with accumulator with shift 

Rotate accumulator left 

Rotate accumulator right 

Store high accumulator with shift 

Store low accumulator with shift 

Subtract from accumulator long immediate with shift 

Shift accumulator left 

Shift accumulator right 

Subtract from accumulator with shift 

Subtract from accumulator with borrow 

Conditional subtract 

Subtract from high accumulator 

Subtract from accumulator short immediate 

Subtract from low accumulator with sign extension suppressed 
Subtract from accumulator with shift specified by T register 
Exclusive-OR with accumulator 

Exclusive-OR immediate with accumulator with shift 

Zero accumulator 

Zero low accumulator and load high accumulator 

Zero low accumulator and load high accumulator with rounding 
Zero accumulator and load low accumulator with sign extension suppressed 
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t These instructions are not included in the SMJ32010 instruction set. 
+ These instructions are not included in the SMJ32020 instruction set. 
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TABLE 2. SMJ320C26 INSTRUCTION SET SUMMARY (continued) 


AUXILIARY REGISTERS AND DATA PAGE POINTER INSTRUCTIONS 


INSTRUCTION BIT CODE 
MNEMONIC DESCRIPTION 


10 9 8 


Add to auxiliary register short immediate 
Compare auxiliary register with auxiliary register ARO 
Load auxiliary register 

Load auxiliary register short immediate 

Load auxiliary register pointer 

Load data memory page pointer 

Load data memory page pointer immediate 
Load auxiliary register long immediate 

Modify auxiliary register 

Store auxiliary register 

Subtract from auxiliary register short immediate 
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T REGISTER, P REGISTER, AND MULTIPLY INSTRUCTIONS 


NO. INSTRUCTION BIT CODE 


MNEMONIC DESCRIPTION 


to) 


Add P register to accumulator 

Load high P register 

Load T register 

Load T register and accumulator previous product 
Load T register, accumulate previous product, and move data 
Load T register and store P register in accumulator 
Load T register and subtract previous product 
Multiply and accumulate 

Multiply and accumulate with data move 

Multiply (with T register, store product in P register) 
Multiply and accumulate previous product 

Multiply immediate 

Multiply and subtract previous product 

Multiply unsigned 

Load accumulator with P register 

Subtract P register from accumulator 

Store high P register 

Store low P register 

Set P register output shift mode 

Square and accumulate 

Square and subtract previous product 
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t These instructions are not included in the SMJ32010 instruction set. 
* These instructions are not included in the SMJ32020 instruction set. 
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TABLE 2. SMJ320C26 INSTRUCTION SET SUMMARY (continued) 


BRANCH/CALL INSTRUCTIONS 


NO. INSTRUCTION BIT CODE 


MNEMONIC DESCRIPTION 
WORDS |15 14 1110 9 8 7 6 5 


Branch unconditionally 

Branch to address specified by accumulator 
Branch on auxiliary register not zero 

Branch if TC bit = 0 

Branch if TC bit = 0 

Branch on carry 


a a eo 


Branch if accumulator 2 0 


oo+-roOolmrm lcm om 


Branch if accumulator > 0 
Branch on I/O status = 0 


— ot 


Branch if accumulator s 0 


_ 


Branch if accumulator < 0 
Branch on no carry 
Branch if no overflow 


—_— — 


Branch if accumulator # 0 
Branch on overflow 
Branch if accumulator = 0 
Call subroutine indirect 
Call subroutine 

Return from subroutine 


1/0 AND DATA MEMORY OPERATIONS 
INSTRUCTION BIT CODE 
DESCRIPTION 
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i 


MNEMONIC 
WORDS | 15 13 11109 8 7 6 5 4 3 2 

BLKDt Block move from data memory to data memory 2 1 j 1 1 1 10871 1te—— ee 
BLKPT Block move from program memory to data memory 2 1 1 1 1 1 1 11 —_— p——> 
DMOV Data move in data memory 1 69 4fateieitisr-———p———}) 
ForRTt Format serial port registers 1 1 1 0 0 141 4 41 00 00 0 1 4 =14 FO 
IN Input data from port 1 1 0 0 0 @-PpA—> | 4€——1— > 
OUT Output data to port 1 1 4+ 1 0 4 PAD | 4——— D— > 
RFSM?* Reset serial port frame synchronization mode 1 1 1 0.6060 1 1+ 10 007 10 4 4 © 
RTxmt Reset serial port transmit mode 1 1 1 0 0 1 1 100014 0 0 0 0 0 
RxFt Reset external flag 1 1 41 0 0 4 14 41 00 0001 41 0 0 
SFSMt Set serial port frame synchronization mode 1 1 1 0 O 1 t 4 0 8 8044 OD 4 Tt 4 
stxmt Set serial port transmit mode 1 1 1 0 0 1 lt 0 @ GO 1 @ 0 0 © F 
sxFt Set external flag 1 i ¢ ®@ @ 1 t ££ e8e@e8oo 14 © 
TBLR Table read 1 o 1 01 4 000 1 €——po——p 
TBLW Table write 1 st © ¢ 18 @t ft = i——p 


t These instructions are not included in the SMJ32010 instruction set. 
* These instructions are not included in the SMJ32020 instruction set. 
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TABLE 2. SMJ320C26 INSTRUCTION SET SUMMARY (continued) 


CONTROL INSTRUCTIONS 
: INSTRUCTION BIT CODE 
MNEMONIC DESCRIPTION 


pitt Test bit 1 1 0 0 1 

BiTTt Test bit specified by T register 1 0 1 0 1 0 1 1+ @ 1 

Conr§ Configure RAM blocks as Data or program 1 1 1 0 0 1 1 1 oO 0 

DINT Disable interrupt 1 1 1 0 0 1 1 1 0 0 

EINT Enable interrupt 1 1 | 0 0 1 1 1 0 0 

IDLEt Idle until interrupt 1 1 1 0 0 1 1 1 0 0 

LST Load status register STO 1 0 1 0 1 0 0 0 0 | 

isTit Load status register ST1 1 0 1 0 1 0 0 o 1 1} 

NOP No operation 1 0 1 0 1 0 1 0 1 0 

POP Pop top of stack to low accumulator 1 1 1 0 0 1 1 1 (¢) 0 0 

Popo! Pop top of stack to data memory 1 0 1 1 1 1 0 1 0) | rs 
PSHDT Push data memory value onto stack 1 o 1 o 1 6 © OC Oh eee Gay, 
PUSH Push low accumulator onto stack 1 1 1 0 0 1 1 1 0 0 0 1 1 0 0 

Act Reset carry bit 1 1 1 0 0 1 | + © 8 @ 0 0 oO 0 

RHM? Reset hold mode 1 1 1 0 0 1 1 i ® @ 1 0 O 0 

ROVM Reset overflow mode 1 1 1 0 0 1 1 1 0 0 0 0 0 1 0 

RpTt Repeat instruction as specified by data memory value 1 0 1 0 0 1 0 1 1 | Oy ae 
RPTK! Repeat instruction as specified by immediate value 1 1 1 0 0 1 0 1 1 nd 

RSxm! Reset sign-extension mode 1 1 1 0 0 1 1 1 0 0 0 0 

ATcH Reset test/control flag 1 1 1 0 0 1 1 1 0 0 0 0 

sct Set carry bit 1 1 1 0 0 1 1 1 0 0 0 1 

SHM? Set hold mode 1 1 1 0 0 1 1 1 0 0 0 1 

SOVM Set overflow mode 1 1 1 0) 0 1 1 1 0 0 8) 1 

SST Store status register STO 1 0 1 1 1 1 0 ce) 0 | 

ssTi! Store status register ST1 1 0 1 1 1 1 0 0 1 | 

ssxmt Set sign-extension mode 1 1 1 0 0 1 1 1 0) 0 

stc# Set test/control flag 1 1 1 0 0 1 1 1 0 0 

TRAPT Software interrupt 1 1 1 0 0 1 1 1 0 0 


t These instructions are not included in the SMJ32010 instruction set. 
+ These instructions are not included in the SMJ32020 instruction set. 
§ This instruction replaces CNFD and CNFP in the SMJ320C25 instruction set. 
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development support 
Together, Texas Instruments and its authorized third-party suppliers offer an extensive line of development 
support products to assist the user in all aspects of TMS320 second-generation-based design and development. 
These products range from development and application software to complete hardware development and 
evaluation systems. Table 3 lists the development support products for the second-generation TMS320 devices. 


System development may begin with the use of the simulator, Software Development System (SWDS), or 
emulator (XDS) along with an assembler/linker. These tools give the TMS320 user various means of evaluation, 
from software simulation of the second-generation TMS320s (simulator) to full-speed in-circuit emulation with 
hardware and software breakpoint trace and timing capabilities (XDS). 


Software and hardware can be developed simultaneously by using the macro assembler/linker, C compiler, and 
simulator for software development, the XDS for hardware development, and the Software Development System 
for both software development and limited hardware development. 


Many third-party vendors offer additional development support for the second-generation TMS320s, including 
assembler/linkers, simulators, high-level languages, applications software, algorithm development tools, 
applications boards, software development boards, and in-circuit emulators. Refer to the TMS320 Family 
Development Support Reference Guide (SPRUO11A) for further information about TMS320 development 
support products offered by both Texas Instruments and its third-party suppliers. 


Additional support for the TMS320 products consists of an extensive library of product and applications 
documentation. Three-day DSP design workshops are offered by the Tl Regional Technology Centers (RTCs). 
These workshops provide insight into the architecture and the instruction set of the second-generation TMS320s 
as well as hands-on training with the TMS320 development tools. When technical questions arise regarding the 
TMS320 family, contact the Texas Instruments TMS320 Hotline at (713) 274-2320. Or, keep informed on the 
latest Tl and third-party development support tools by accessing the DSP Bulletin Board Service (BBS) at (713) 
274-2323. The BBS serves 2400-, 1200-, and 300-bps modems. Also, TMS320 application source code may 
be downloaded from the BBS. 


Table 3 gives a complete list of SMJ320C26 software and hardware development tools. 
TABLE 3. TMS320C26 SOFTWARE AND HARDWARE SUPPORT 


MACRO ASSEMBLER/LINKER 


HOST COMPUTER OPERATING SYSTEMS PART NUMBER 
DEC VAX VMS TMDS3242250-08 
IBM PC MS/PS DOS TMDS3242850-02 
VAX ULTRIX TMDS3242260-08 
SUN 3 UNIX TMDS3242550-08 


C COMPILER AND MACRO ASSEMBLER/LINKER 


HOST COMPUTER OPERATING SYSTEMS PART NUMBER 
DEC VAX VMS TMDS3242255-08 
IBM PC MS/PC DOS TMDS3242855-02 
VAX ULTRIX TMDS3242265-08 
SUN 3 UNIX TMDS3242555-08 


SIMULATOR 


HOST COMPUTER OPERATING SYSTEMS PART NUMBER 
DEC VAX VMS TMDS3242251-08 
IBM PC MS/PC DOS TMDS3242851 -02 


EMULATOR 


MODEL POWER SUPPLY PART NUMBER 
XDS/22 INCLUDED TMDS3262292 


SOFTWARE DEVELOPMENT SYSTEM ON PC 


HOST COMPUTER OPERATING SYSTEMS PART NUMBER 
IBM PC MS/PC DOS TMDX3268828 
IBM PC MS/PC DOS TMDX3268821t 


includes Assembler/Linker 
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absolute maximum ratings over specified temperature range (unless otherwise noted)! 


Supply voltage range, VoG* 2. iccccvstcnusencaueedecscavaseseeuteseuenevanevcuesnees ~0.3Vto7V 
TU WORSOOMINGS 500864 bwsend sew ee riers eess need dwe sindbis dsawdsas hOneen waenesaeye —-0.3Vto7V 
JU MORRO TOS 6ncccenccs rake Mn bee eoand SENT CME Rees Odea Cede eee ewe eedaans —0.3Vto7V 
CONUrUIOUS POWETCISSIOGNON sé ce cise veceressene hone acdian eG eed dee aN ANE Race ERR ERK eRDO dene es 1.0 W 
colelpcle) Bi-igg eli.) hy 3c. 3 |: a ee eer ee — §5°C to 150°C 


* Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and 
functional operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions” section 
of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

* All voltages are with respect to Vgg. 


y 


j t ~ Caution. This device contains circuits to protect its inputs and outputs against damage due to high static voltages or electrostatic 

. fields. These circuits have been qualified to protect this device against electrostatic discharges (ESD) of up to 2 kV according to 
MIL-STD-883C, Method 3015; however, it is advised that precautions be taken to avoid application of any voltage higher than maximum rated 
voltages to these high-impedance circuits. During storage or handling, the device leads should be shorted together or the device should be placed 
in conductive foam. !n a circuit, unused inputs should always be connected to an appropriated logic voltage level, preferably either Voc or ground. 
Specific guidelines for handling devices of this type are contained in the publication “Guidelines for Handling Electrostatic-Discharge Sensitive 
(ESDS) Devices and Assemblies” available from Texas Instruments. 


recommended operating conditions 


[Ves Suppyvotage OS SOC—“—sSC“‘;‘;SC*dYYC“‘(W COTO VY 

Vin High-level input voltage CLKIN, CLKR, CLKX V 
All others 

Tc Maximum operating case temperature 


electrical characteristics over specified free-air temperature range (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPS MAX| UNIT 

Vox High-level output voltage Voc = MIN, loy = MAX 2.4 3 | Vv | 
a 

ve 
U 
m 


a : 
oyun 
ceil ax HF ? oF 
O;o;-| NO ]- 
O1n;o}]; oO 


Voi Low-level output voltage Voc = MIN, Io, = MAX 


High-impedance-state output _ 
loz leakage current ae tan ia 


io seein Veo = MAX, f, = MAX 
cc rene Series idie/HOLD Cae es a 


C, Input capacitance 
Co Output capacitance 
§ All typical values are at Voc = 5 V, Ta = 25°C. 


V 
V 
A 
A 
A 
pF 
pF 


¥ 
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CLOCK CHARACTERISTICS AND TIMING 


The SMJ320C26 can use either its internal oscillator or an external frequency source for a clock. 


internal clock option 


The internal oscillator is enabled by connecting a crystal across X1 and X2/CLKIN (see Figure 2). The frequency 
of CLKOUT1 is one-fourth the crystal fundamental frequency. The crystal should be either fundamental or 
overtone mode, and parallel resonant, with an effective series resistance of 30 ohms, a power dissipation of 
1 mW, and be specified at a load capacitance of 20 pF. Note that overtone crystals require an additional tuned 
LC circuit (see the application report, Hardware Interfacing to the TMS320C25). 


PARAMETER TEST CONDITIONS MIN TY MAX | UNIT 
f, Input clock frequency Ta =— 55°C MIN 


P 
C1, C2 To = 125°C MAX 


' This parameter is not production tested. 


CRYSTAL 


i 
“T T° 


FIGURE 2. INTERNAL CLOCK OPTION 


external clock option 


An external frequency source can be used by injecting the frequency directly into X2/CLKIN with X1 left 
unconnected. The external frequency injected must conform to the specifications listed in the table below. 


switching characteristics over recommended operating conditions (see Note 1) 


PARAMETER MIN TYPt MAX 
tei CLKOUT1/CLKOUT2 cycle time 100 600 
taciu.c) _ CLKIN high to CLKOUT1/CLKOUT2/STRB high/low 
™ CLKOUT1/CLKOUT2/STRB fall time Po 
te CLKOUT1/CLKOUT2/STRB rise time 
twicl)___ CLKOUT1/CLKOUT? low pulse duration 20-8 2Q 20+8 
twicH) _ CLKOUT1/CLKOUT2 high pulse duration 20-8 2Q 20+8 


tyc1-cz)_ + CLKOUT1 high to CLKOUT2 low, CLKOUT?2 high to CLKOUT1 high, etc. Q-6 Q Q+6 pons 


' This parameter is not production tested. 
NOTE1: Q= 1/4to) 


j 
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timing requirements over recommended operating conditions (see Note 1) 


NT NT 
incu) LKIN ow pulse drain, tq = 250s @eeNoe@) ———SSCSCS~S~C~S~iSit | 
Tis, SYNG holdtime fom GLKNiow ds 


NOTES: 1. Q = 1/4t.@) 
2. CLKIN duty cycle [t,c1 + twicihyl/teccr) Must be within 40-60%. CLKIN rise and fall times must be less than 5 ns. 


FROM OUTPUT 
UNDER TEST 


FIGURE 3. TEST LOAD CIRCUIT 


an, SS See er a ee ee a er 
re Sa a ee a eee ee ee ee 
i a en a he a ame SS V,. (MAX) 
0 
(a) INPUT 
2.4V 
See er Se FS ee eS = Von 
2.2V 
0.8 V 
—— SS Se Vo. (MAX) 


(b) OUTPUTS 


FIGURE 4. VOLTAGE REFERENCE LEVELS 
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MEMORY AND PERIPHERAL INTERFACE TIMING 


switching characteristics over recommended operating conditions (see Note 1) 


PARAMETER MIN TYP  MAX| UNIT 
tuc1.s)  STRB from CLKOUT1 (if STRB is present) Q-6 Q Q+6 
tices)  CLKOUT2 to STRB (if STRB is present) | 6-6 Oté‘<CYT os 

ns 
Ss 


pons 
ce 
igen, STAB igh pulse dren fbeveon coraesave quled woo Na@] eo) 
tsuoyw__—_—s«CDaata write setup time before STRB high (no wait states) 
thoyw _ Data write hold time from STRB high 
a 


timing requirements over recommended operating conditions (see Note 1) 


UNIT 


| MIN NOM MAX 
Cio Date ead hod te tom STAB 
taSL-R) READY valid after STRB low (no wait states) Po Qf ons 
"cui, READY al ter MSC vaig ne 


RS, INT, BIO, AND XF TIMING 


switching characteristics over recommended operating conditions (see Note 1) 


Tuan, _XF valid before ating ogo of STRBSSSSSCSSCSCSCSSSS te Sd 


timing requirements over recommended operating conditions (see Note 1) 


teotin INT/BIO/RS setup before CLKOUT1 high (see Note 6) 


tiny INT/BIO/RS hold after CLKOUT1 high (see Note 6) 
_— NT/BIO low pulse duration tic 
twas, __RS low pulse duration 


t This parameter is not production tested. 
NOTES: 1. Q= 1/4tgc) 
3. A15-A0, PS, DS, IS, R/W, and BR timings are all included in timings referenced as “address.” 


. Delays between CLKOUT1/CLKOUT2 edges and STRB edges track each other, resulting in ts.) aNd typ) being 2Q with no wait states. 

. Read data access time is defined as ta/a) = tsuay + twist) — tsuoyr- 

. RS, INT, and BIO are asynchronous inputs and can occur at any time during a clock cycle. However, if the specified setup time is met, 
the exact sequence shown in the timing diagram will occur. INT/BIO fall time must be less than 8 ns. 


¥ 
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HOLD TIMING 


switching characteristics over recommended operating conditions (see Note 1) 


PARAMETER MIN TYP MAX 


taccit-at) HOLDA low after CLKOUT1 low 
ee a nV 
tenia-c1t) Address driven before CLKOUT1 low (HOLD mode, see Note 7) 


timing requirements over recommended operating conditions (see Note 1) 


MIN NOM MAX] UNIT 
tact.) _ HOLD valid after CLKOUT2 high Q-24 


NOTES: 1. Q = 1/4tyo) Z 
7. A15-A0, PS, DS, IS, STRB, and R/W timings are all included in timings referenced as “address.” 


SERIAL PORT TIMING 


switching characteristics over recommended operating conditions (see Note 1) 


PARAMETER MIN TYP MAX| UNIT 
taicH-px) DX valid after CLKX rising edge (see Note 8) ee oe 
taeu-ox) DX valid after FSX falling edge (TXM = 0, see Note 8) 
pA ns 


FSX valid after CLKX rising edge (TXM = 1) 


ta(CH-FS 


timing requirements over recommended operating conditions (see Note 1) 


twiSc Serial port clock (CLKX/CLKR) high pulse duration (see Note 9) 


_ DR hold time after CLKR falling edge 


t This parameter is not production tested. 
NOTES: 1. Q = 1/4tgc) 
8. The last occurence of FSX falling and CLKX rising. 
9. The duty cycle of the serial port clock must be within 40-60%. Serial port clock (CLKX/CLKR) rise and fall times must be less than 
20 ns. 
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TIMING DIAGRAMS 


Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.2 volts unless 
otherwise noted. 


clock timing 


tacin-c) +> | 

ce) l 

! | | | 
| | | | 

| "+ tarcin.cy | | twiCH) + | 


STRB : \ | Pa | 


| 
—_—_——___—_—— | 
eit | 1 tere) bwct) ——— 


d(CIH-C) | | aaa 
CLKOUT2 | | | , S 
| | 


| | 
7 | 
ke- ty(c1-c2) > - tac1-c2) ae | ke tic) tre) at ke 


| 

! a 
d(CIH-C) — | 
| 


CLKOUT1 
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memory read timing 


= tac1-s) >| 
| 


CLKOUTI a ee ee, 
l 


| — tacts) i 


CLKOUT2 \ ]; : \ |! / 
| 


| 
| | 
>  tyc2s) —> -_ ta(c2-s) 


STRB | | | 
| | +e — twisH) ——>| 


\/ oe + XX x~% VJ \/ xx XX KK X x Vy 
NNnnnnnnnnnnnnieg 


DLLALALALS AY a LVN LVL 


RX XX X \/ ee ee: XOX ee \/ YOOX \/ 
sand rararerererararararererererararararenen 


LV\AAZAAZAALD 


| 
Kt thist-ry) > >| thor 
D15-D0 ! DATA IN | 


memory write timing 


CLKOUT1 a Te 2 ee 
CLKOUT2 \ / \ / 


7 Rw Cae 


l thioyw 
tsu(o)w | 


| IY VY YY VAY: 
D15-D0 BAY = sDATAOUT KS 
| Xx XXKKM) a4 


ate th ten(D) Ht— tyis(o) te 
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one wait-state memory access timing 


corr NON 


| | 


CLKOUT2 7 / | : \ / . * 


OR | 
j ‘nc2H-R) t*——*{ | ‘ ee TCHR) 
ta(c2H-R ~- | d(C2H-R) ne | 
YOO OK XXX KX) COX KOKO OC KKK KOK KK XK KKK KK KKK KKK RXX KKK KKK KKK KKK KK KKK KK KKK KK 
READY OOO LY | Drereteteteteteteteteeteerorneeeeeeeeeeee 
| > thar 
t a (M-R) 
D15-D0, | ° d(M-A) Oe} ol thiw-r) I+ tary 
(FOR READ | DATA IN 
OPERATION) : ! i | | | 
D1 5-D0O, VaVavavavatatay 
(FOR WRITE Wei, 
OPERATION) | 
| | | | 
_—__ \ | | ik XXXKXKKX XXX KXKKXKKXKXKKKK KK VECECECEECEECECECEEEEE 
Wie os LSXXRKXXXXRRKX XXX AKER RRKY x oarararererececececovevocererereses 


| | 
1  tymsc) ke—et— tymsc) 


reset timing 


CLKOUT1 | | 
| l 
tsuany—>| ok — 
RS | 7 Ber 
= 
A15-A0 RRRRRRRRRRRA NOOO RX XB 


C) L\ ‘a {) 


ff ra 
| a aE se LOcAT 
ROS LOCATION 0 


D15-DO KOR RLRKKR KKK KKK | ie. 
ei 
rs RY a _oEGIN 
a ae | EXECUTION 
STRE BA eer 
a Aa 


C O NT R O L LCCCECEEEEECOECEEECEEOCCEEEOS, 
SIGNALS SXXXXXRXXRKKKE KKK KERRY | 


ae RO SEX) XX) aeife OO) XRKY  KEXXKYY 
WACK SRK ARR | ce ARK ARR ARR AREY XX 


| 


SERIAL PORT 3R5XXXRRRRRRRRERRRREE EY 
CONTROLS! SSXXXSXXXXKXXRKXKK KKK KK 


t Control signals are DS, IS, R/W, and XF. 
* Serial port controls are DX and FSX. 
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interrupt timing 


sailed ee ee a A 
| 


| 
| ! 
| 
! 


—- ke teuany —{ ke than 
| bwin) | 
INT2-INTO \ | 3 
| | | 
>| et tran) | | 


A15-A0 FETCH N FETCH N +1 FETCHN+2 FETCH 1 


| 
—~| — taaack) 


taaack)y > 7 
CR YOY KOO 


BIO timing 


| 
| 
| 
| 
| 


| 
FETCH BIOZ | FETCH BRANCH FETCH NEXT 


ADDRESS \ INSTRUCTION 
A15-A0 
PC =N PC=N+1 PC=N+2 PC=N+3 
| ee Roe OR BRANCH ADDRESS 
tsuan) >| | 
Pepe ccsos Lam oes eecooooeee econo moo NCE 


external flag timing 


_ ia oe Sa a 
el -_ taexr) 
won XX Xe XXX 
PC =N PC=N+1 PC =N+2 PC =N+3 
FRAN NNN RR RRA RRR RRR RRRRRRR RARE, VAL 


ag 
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HOLD timing (part A) 


exort NN NLS NLS XK 


CLKOUT2 
STRB 
HOLD 


A15-A0 


D15-D0 


| 
>| “i tdis(AL-A) 
| 


HOLDA | \ | 


| | 
kt—+—  tyrci-aty 
N N +1 - = 
FETCH 
N—- 2 N — 1 N - 
EXECUTE << i) st ht 


NOTE 10: HOLD is an asynchronous input that can occur at any time during a clock cycle. If the specified timing is met, the exact sequence shown 
will occur; otherwise, a delay of one CLKOUT2 cycle will occur. 


sg 
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HOLD timing (part B) 


cae ee A eee A a A ee 
| 
| 
| 
| 
| 
| 


—m| Ke  tena-ciL) 
| 


HOLD / | 
| 
| 

| 


"sre a 


—~| ee tycoon.) (SEE NOTE 10) | 
| | 
| 
| 
| 
| 


| | 

| 

HOLDA / | 
| 

| 


OXY O 


= os ss N+2 
FETCH 


~ = - N+1 
EXECUTE 


NOTE 10: HOLD is an asynchronous input that can occur at any time during a clock cycle. If the specified timing is met, the exact sequence shown 
will occur; otherwise, a delay of one CLKOUT2 cycle will occur. 
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serial port receive timing 


— Ht twsck) 
a Ke trisck) 

| 

| 


| | | 
a. _ thFs) l - —>|  tesc 
| ~ | — t—1— tiscx) 
| 


| | | eee 
| 
>| Ke tsu(Fs) 4 he tsu(oR) 


Oh RRR ERR 


serial port transmit timing 


—_ teisck) tee 


| 
ee! t 

| pt— 'sck) 

twsck) —> — | | 
cue VV NMS \ SF \_ 

| | | 

| | | | 1 twiscx) 
7 ia at > pt tiscn)! 
| | — 


| 
| 
| 
! 
. 


‘ | 
d(CH-DX) | 
FSX | 
(INPUT, TXM = 0) | . 
| | te | Mt tarFipx | 


Ke teues) 1 At bacH-rw 


| 
| 
| 


—™~ Ke tacu-rs) | 
l —>| re farce 


FSX l 
(OUTPUT, TXM = 1) 
[epee en ent cn nnn ame 


ag 
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60-, 70-, 80-ns Single-Cycle Instruction 

Execution Times 

— 25-33 MFLOPS (Million Floating-Point 
Operations per Second) 


One 4K x 32-Bit Single-Cycle Dual-Access 
On-Chip ROM Block 


Two 1K x 32-Bit Single-Cycle Dual-Access 
On-Chip RAM Blocks 


64 Word x 32-Bit Instruction Cache 
32-Bit Instruction and Data Words, 24-Bit 
Addresses 


40/32-Bit Floating Point/Integer Multiplier 
and ALU 


32-Bit Barrel Shifter 


Eight Extended-Precision Registers 
(Accumulators) 


Two Address Generators with Eight 
Auxiliary Registers and Two Auxiliary 
Register Arithmetic Units 


On-Chip Direct Memory Access (DMA) 
Controller for Concurrent I/O and CPU 
Operation 


26 


Integer, Floating Point, and Logical 
Operations 


Two- and Three-Operand Instructions 


Parallel ALU and Multiplier Instruction 
Execution in a Single Cycle 


Block Repeat Capability 


Zero-Overhead Loops with Single-Cycle 
Branches 


~“NJ 
Be 


Conditional Calls and Returns 


Interlocked Instructions for 
Multiprocessing Support 


Two Serial Ports with Support for 
8/16/32-Bit Transfers 


Two 32-Bit Timers 


Two General-Purpose External Flags, Four ‘ 
External Interrupts 
1.0 Micron EPIC™ CMOS Technology ‘ 


181-Pin Grid Array Ceramic Package 
(GB Suffix) * 


SMJ320030 
DIGITAL SIGNAL PROCESSOR 


MARCH 1990 


GB Package? 
(Top View) 


1234567 8 9 101112131415 
Al@@e0e08@ ©ee0@ 
Bleeeee e©ee06e 
Cleeeee e@eeo0e 
Dijeeee0@ @eee@ 
Eleeece0e eee0e 
Fieeee e©ee0 
Gleeee eeeo0e 
Hl|@ee@e eee0e 
Jij@e@eee @eee 
Ki/@@eee68 @©e0e0 
Lieee08 @©eee@ 
Mieeee e@ee0e 
Nil@e¢ec6e Ce 
Pilee@e08 eee0@ 
Qleeee e©ee@ 


' Pin assignment/function is provided by the page 2 
table, pin assignments. 


HU/HT Package? 
(Top View) 

r ” R 

AAT ASEH TT 

i i i l il U i i l | | 4 | nm u tl | ! i ! | iH tH i i i i 

= S— 17e 

As init HHAVLVTOUUITTTTERHTIN 

ih Hin nT Hn j i rn i i 
: a 


~~ N 
T Pin assignment/function information is provided 
by the page 3 table. 


196-Lead Ceramic Quad Flatpack 
(HT Suffix) 


196-Lead Ceramic Quad Flatpack 
(Gullwing) (HU Suffix) 


Military Operating Temperature Range 
. -55°C to 125°C 


Class B High-Reliability Processing 


PRODUCT PREVIEW 


EPIC is a trademark of Texas Instrument Incorporated. 


PRODUCT PREVIEW information concerns products in the 
formative or design phase of development. Characteristic data 
and other specifications are design goals. Texas Instruments 
reserves the right to change or discontinue these products 
without notice. 


Copyright © 1990, Texas Instruments Incorporated 
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GB Package — Pin Function Assignments 


ce a 


NOTES: ADVpp, DDVpp, |ODVpp, MDVpp, and PDVpp pins are on a common plane internal to the device. 
Vpp pins are on a common plane internal to the device. 
Vssg, CVgg, and IVgg pins are on a common plane internal to the device. 


DVgg pins are on acommon plane internal to the device. 
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HU/HT Packages — Pin Function Assignments 


Teenon [en [renew [ow ronenow [rm [ mmenon [ow roneron [ro 


NOTES: 5. ADVpp, DDVpp, !ODVpp, MDVpp, and PDVpp pins are on a common plane internal to the device. 
Vpp pins are on a common plane internal to the device. 

Vsgg, CVgg, and IVgg pins are on acommon plane internal to the device. 

DV sg pins are on a common plane internal to the device. 
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FEBRUARY 1990 


68-PIN FZ PACKAGE 


e@ = . 
200-ns Instruction Cycle LEADED CERAMIC CHIP CARRIER 


(TOP VIEW) 

° 256-Word On-Chip Data RAM 
ac xX 
Yn WY 

°* 4K-Word On-Chip Program EPROM a s 
<< 
oe) 

° EPROM Code Protection for Security neko  SQOEER ETL 

“oo atc aeqoreoooo oo 0 aaganana 


q 67 66 65 64 63 62 61 
TCLK1/CLKR]] 10 60 [| 04 
TCLK2/CLKX |] 11 59 |] D5 


* 4K-Word Total External Memory at Full 
Speed (Microprocessor Mode) 


A8 |] 3 
* 32-Bit ALU/Accumulator ig “ : 7 
A6 {| 14 56 [|] OPO 
* 16 x 16-Bit Multiplier with a 32-Bit Product WE |] 15 55 [| 10P1 
REN |] 16 54 [| 1OP2 
* 0- to 16-Bit Barrel Shifter RS [} 17 53 [| 10P3 
INT {] 18 52 [] 10P4 
* Seven Input and Seven Output External CLKOUT |} 19 51 [] OPS 
Ports A5 || 20 50 |] D8 
A4{| 21 49 |] D9 
‘ — eT , NMI/MC/MP {] 22 48 [| RXD/DATA 
16-Bit Bidirectional Data Bus with Greater WOT [los el raven 
Than 40-Mbps Transfer Rate CLKIN [] 24 D10 
A3 [| 25 45 [| 10P6 
* Bit-Selectable I/O Port (16 Pins) A2{] 26 44 [] 10P7 


32 33 34 35 36 37 38 39 40 41 42 43 


* Serial Port with Programmable Protocols a S 
° Nee ES F555 558585 
°* Event Manager with Capture Inputs and 
Compare Outputs one 
68- B 
°* Four Independent Timers (Watchdog, ities Otc PRGA 


General Purpose [2], Serial Port) 
®* 15 Internal/External Interrupts 
* Single 5-V Supply 
* Packaging: 
— 68-Pin Leaded Ceramic Chip Carrier 
(FZ Suffix) 


— 68-Pin Ceramic Grid Array 
(GB Suffix) 


* CMOS Technology 
* Class B High Reliability Processing 


* Operating Temperature Range 
.. . — 55°C to 125°C (M Suffix) 


PRODUCT PREVIEW documents contain Information on Copyright © 1990, Texas Instruments Incorporated 
products in the formative or design phase of development. i 

Characteristic data and other specifications are design TEXAS 

goals. Texas Instruments reserves the right to change or 

discontinue these products without notice. INSTRUMENTS 
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SMJ320E14 
DIGITAL SIGNAL PROCESSOR 


description 


This data sheet provides design information for the SMJ320E14, which is part of the SMJ320 digital signal 
processor family. The SMJ32010 was the first digital signal processor of the family. Its powerful instruction set, 
inherent flexibility, high-speed number-crunching capabilities, and innovative architecture have made this 
high-performance, cost-performance processor the ideal solution for many commercial, industrial, and military 
applications. From the SMJ32010, five generations of the SMJ320 family have evolved, each with its own group 
of related devices. All SMJ320 devices combine the flexibility of a high-speed controller with the numerical 
capability of an array prcessor. This offers an inexpensive alternative to multichip bit-slice processors. 


The CMOS SMJ320E14 is a 16/32-bit single-chip digital signal processor that is object-code compatible with the 
SMJ32010 device. This allows hardware upgrading without the expense of software redevelopment. Its 
highly-paralleled architecture and efficient instruction set provide the speed and flexibility to execute 5 million 
instructions per second (MIPS). The SMJ320E14 contains several on-chip peripherials that can reduce and even 
eliminate interface components and “glue” circuitry, allowing use in space- and power-critical applications. 


The SMJ320E 14 is offered in a 68-pin leaded ceramic chip carrier package (FZ suffix) and in a 68-pin ceramic 
grid array package (GB suffix). Each package style is rated for operation from — 55°C to 125°C (M suffix). 


FZ PACKAGE PIN ASSIGNMENTS 


| PINNO. | FUNCTIONS | PINNO. | FUNCTIONS 


35 D15 
D14 
IOP 11 
lIOP10 
D13 
D12 
lIOP9 
lIOP8 
D11 
TCLK1/CLKR IOP7 
TCLK2/CLKX IOP6 
A8 D10 


ON Oar WNH + 


A7 TXD/CLK 
AG RXD/DATA 
WE 

REN 

RS 

INT 


CLKOUT 
AS 
A4 
NMI/MC/MP 


CMP5/CAP3/FSX 
CMP4/CAP2/FSR 
CAP1 
CAPO 


j 
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GB PACKAGE PIN ASSIGNMENTS 


| PINNO. | FUNCTIONS | PINNO. | FUNCTIONS 
A2 AQ 


CMP1 

Ai1 

GND 

CMP3 

CAP 1 
CMP5/CAP3/FSX 
D1 

D3 
TCLK1/CLKR 
TCLK2/CLKX 
CMPO 

A10 

Nee 

CMP2 

CAPO 
CMP4/CAP2/FSR 
DO 

D2 

D4 

A8 

A7 

D5 

D6 

A6 

WE 

D7 

IOPO 

REN 

RS 

IOP 1 

lIOP2 

INT 

CLKOUT 
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A5 

A4 

lOP5 

D8 
NMI/MC/MP 
WDT 

Dg 
RXD/DATA 
CLKIN 

A3 
TXD/CLK 
D10 
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@ Military Temperature ... —55°C to 125°C 


@ Instruction Cycle Time: 
200 ns... . SMJ34010-40 
160 ns. . . SMJ34010-50 


@ Fully Programmable 32-Bit General-Purpose 
Processor with 128-Megabyte Address 
Range 


@ Pixel Processing, XY Addressing, and 
Window Checking Built into the Instruction 
Set 


@ Programmable 1, 2, 4, 8, or 16-Bit Pixel 
Size with 16 Boolean and 6 Arithmetic Pixel 
Processing Options (Raster-Ops) 


32-Bit and 64-Bit Integer Arithmetic 


30 General-Purpose 32-bit Registers and 
32-bit Stack Pointer 


256-Byte LRU On-Chip Instruction Cache 


Direct Interfacing to Both Conventional 
DRAM and Multiport Video RAM 


@ Dedicated 8/16-Bit Host Processor Interface 
and HOLD/HLDA Interface 


@ Programmabie CRT Control (HSYNC, 
VSYNC, BLANK) 


High-Level Language Support 


Full Line of Hardware and Software 
Development Tools Including a C Compiler 


5-Volt CMOS Technology 


Packaging 
—68-Pin Grid Array 
—68-Pad Leadless Ceramic Chip Carrier 


SMJ34010 
GRAPHICS SYSTEM PROCESSOR 


NOVEMBER 1988 — REVISED SEPTEMBER 1989 


GB PACKAGE 
68-PIN GRID ARRAY 


(TOP VIEW) 
1 2 3 4 5 6 7 8 9 10 11 


A 

B 

c 

D 

E 

I 

G 

H 

J 

K 

L 
FD PACKAGE 

68-PAD LEADLESS CERAMIC CHIP CARRIER 

(TOP VIEW) 


98765 4 3 2 1 68676665 64636261 


10 60 
11 59 
12 58 
13 57 
14 56 
15 55 
16 54 
17 53 
18 52 
19 51 
20 50 
21 49 
22 48 
23 47 
24 46 
25 45 
26 44 


27 28 29 3031 32 333435 36 37 383940414243 


TSee Pin Assignments Table and Pin Descriptions Table (pages 2 
and 3) for location and description of all pins. 


PRODUCTION DATA documents contain information : Copyright © 1989, Texas Instruments Incorporated 
current as of publication date. Products conform to 4 

specifications per the terms of Texas Instruments EXAS 

standard warranty. Production processing does not IN STRUM ENTS 


necessarily include testing of all parameters. 
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description 


The SMJ34010 Graphics System Processor (GSP) is an advanced high-performance CMOS 32-bit 
microprocessor optimized for graphics display systems. With a built-in instruction cache, the ability to 
simultaneously access memory and registers, and an instruction set designed specifically for raster graphics 
operation, the SMJ34010 provides user-programmable control of the CRT interface as well as the memory 
interface (both standard DRAM and multiport video RAM). The 1-gigabit address space is completely bit- 
addressable on bit boundaries using variable width data fields (1 to 32 bits). Additional graphics addressing 
modes support 1, 2, 4, 8, and 16-bit wide pixels. The SMJ34010 is exceptionally well-supported by graphics 
software interface standards such as CGI/VDI, DGIS, and MS-Windows?, as well as a full line of hardware 
and software support tools. 


architecture 


The SMJ34010 is a CMOS 32-bit processor with hardware support for graphics operations such as PixBits 
(raster ops) and curve-drawing algorithms. Also included is a complete set of general-purpose instructions 
with addressing tuned to support high-level languages. In addition to its ability to address a large external 
memory range, the SMJ34010 contains 30 general-purpose 32-bit registers, a hardware stack pointer 
and a 256-byte instruction cache. On-chip functions include 28 programmable |/O registers that contain 
CRT control, input/output control, and instruction parameters. The SMJ34010 directly interfaces to dynamic 
RAMs and video RAMs and generates video monitor control signals. It also accommodates a conventional 
HOLD/HLDA shared access as well as a separate, generalized interface for communicating with any standard 
host processor. 


+MS-Windows is a trademark of Microsoft, Incorporated. 
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PIN ASSIGNMENTS 


1 
Z 
3 
4 
] 
6 
7 
8 
9 
10 
11 
12 
12a 
14 
15 
16 
17 
18 
19 


WW WWWNH NNN NNN NY DN LH 
PwWwNH FH ODA NO aA FP WNH - O 


NOTE: 1/0 = INPUT AND/OR OUTPUT 
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HCS 
HDO-HD15 


HFSO-HSF 1 


LADO-LAD15 


LAL 
LCLK1,LCLK2 
LINT1,LINT2 
LRDY 

TR/QE 

Ww 

INCLK 

HOLD 
RUN/EMU 
HLDA/EMUA 


BLANK 
HSYNC 
VCLK 

VSYNC 


Vss 
Vcc 
RESET 


14-222 


PIN ASSIGNMENTS AND NOMENCLATUREt 


V0 PIN NOMENCLATURE 
LCCC PIN# 


PGA PIN# 


B8 
B11,C10,C11 
D10,D11,E10, 
E11,F10,G10 
G11,H10,H11 
J10,J11,K10 
K11 
A7,B7 
K9 
AQ 


B9 
A8& 


K7 

L8 

K6 

Ly 
B1,B2,C1,C2, 


D1,02,E1,E2,D2, 


F251 (62,711, 
H2,J51,J2,K1 
K5 
K2,L3 
B4,A3 
A2 
L9 
K8 
A4 
B3 
B6 
L5 


K4 
K3 
B5 
L4 


A6,F1,L6,F11 
L2,A10 
A5 


1,18,35,52 
27,61 
3 


oa = 9 Oo =— = 2 oO 


oO 


Host Interface Bus Pins 
Host Chip Select 
Host Bidirectional Data Bus 


Host Function Select 
Host Interrupt Request 
Host Lower Data Select 
Host Upper Data Select 
Host Ready 
Host Read Strobe 
Host Write Strobe 

Local Bus Interface Pins 
Local Row-Address Strobe 
Local Column-Address Strobe 
Local Data Direction Out 
Local Data Enable 
Local Address/Data Bus 


Local Address Latched 


Local Interrupt Request 

Local Ready 

Local Shift Register Transfer/Output Enable 
Local Write Strobe 

Input Clock 


Video Timing Signals 
Blanking 
Horizontal Sync 
Video Clock 
Vertical Sync 

Miscellaneous Pins 

Ground pins 
Nominal 5-V Power Supply 


TFor more detailed pin descriptions, please refer to the 7MS34010 User’s Guide (SPVUOO1A). 
+1/O denotes input/output. 
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system block diagram 


| 
TO | 
wer HOST-GRAPHICS GRAPHICS | CONVENTIONAL 
INTERFACE PROCESSOR | 
PROCESSOR idea 
: | Sra 
l ! PROGRAM AND 
| DATA STORAGE 
: GRAPHICS MEMORY BUS 
| 
| 
| 
| FRAME BUFFER 
: DRAM- SCREEN- CRT 
| REFRESH REFRESH TIMING 
| CONTROL CONTROL CONTROL { 
fee TO 
RAMS| LF CRT 
ee a ee eee MONITOR 
I ie we Re ee ee | 
|r | 
EXTERNAL | | 
INTERRUPT | 
REQUESTS ~ | INTERRUPT INSTRUCTION INSTRUCTION | 
| REGISTERS CACHE DECODE | 
RESET ! : 
|| | 
| | | 
HOS1 | HOST | 
INTERFACE <> INTERFACE | 
BUS REGISTERS | 
PROGRAM | 
COUNTER , 
STATUS | 
SYNC AND VIDEO TIMING REGISTER : 
BLANKING REGISTERS 
| MICROCONTROL | | 
| GPR FILE A ical 7 
| 
: LOCAL MEMORY GPR FILE B | 
CONTROL | 
l REGISTERS STACK POINTER 
| | | 
SE SE 0 lee ae 
l EXECUTION UNIT 
| Hla, CLOCK 
LOCAL MEMORY INTERNAL CLOCK OUTPUTS 
| 
| CONTROL LOGIC CIRCUITRY CLOCK 
| AND BUFFERS PUTS 
| a eee | ee een Re a a a a a 
LOCAL MEMORY 
INTERFACE BUS 
FIGURE 1. SMJ34010 INTERNAL ARCHITECTURE 
Texas W 
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The SMJ34010 provides single-cycle execution of most common integer arithmetic and Boolean operations 
from its instruction cache. Additionally, the SMJ34010 incorporates a hardware barrel shifter that provides 
a single-state bidirectional shift and rotate function for 1 to 32 bits. 


A microcoded local memory controller supports pipelined memory write operations of variable-size fields 
that can be performed in parallel with subsequent instruction execution. 


SMJ34010 graphics processing hardware supports pixel and pixel-array processing capabilities for both 
monochrome and color systems that have a variety of pixel sizes. The hardware incorporates two-operand 
raster operations with Boolean and arithmetic operations, XY addressing, window clipping, window checking 
operations, 1 to n bits per pixel transforms, transparency, and plane masking. The architecture further 
supports operations on single pixels (PIXT instructions) or on two-dimensional pixel arrays of arbitrary size 
(PixBits). 


The SMJ34010’s flexible graphics processing capabilities allow software-based graphics algorithms without 
sacrificing performance. These algorithms include: arbitrary window size, custom incremental curve drawing, 
and two-operand raster operations. 


register files 


Boolean, arithmetic, byte, and field move instructions operate on data within the GSP’s general-purpose 
register files. The SMJ34010 contains thirty-one 32-bit registers, including a system stack pointer (SP). 
The SP is accessible to both Register File A and B as the sixteenth register. Transfers between registers 
and memory are facilitated via a complete set of field MOVE instructions with selectable field sizes. Transfers 
between registers are facilitated via the MOVE instruction. 


The fifteen general-purpose registers in Register File A are used for high-level language support and assembly 
language programming. The fifteen registers in Register File B are dedicated to special functions during 
PixBlts and other pixel operations, but can be used as general-purpose registers at other times. 
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31(MSB) O(LSB) 31(MSB) O(LSB) 


SOURCE ADDRESS 
SADDR 


AO BO (PIXBLTS) 
A1 B1 SPTCH SOURCE PITCH 
DESTINATION ADDRESS 
A2 B2 DADDR (PIXBLTS AND FILLS) 
A3 B3 DPTCH DESTINATION PITCH 
A4 B4 OFFSET OFFSET 
A5 B5 WSTART WINDOW START 
A7 B7 DYDX DELTA Y/ DELTA X 
COLORO 

A8 B8 COLORO (BINARY PIXBLTS) 

| COLOR? 
Ag BS COLOR1 (BINARY PIXBLTS, FILLS AND DRAV) 
A10 B10| TEMPORARY REGISTER 
A11 B11] TEMPORARY REGISTER 

THESE ARE USED AS TEMPORARY 
A12 B12} TEMPORARY REGISTER STORAGE FOR PIXBLT AND 
FILL INSTRUCTIONS. 

A13 B13| TEMPORARY REGISTER 
A14 B14| TEMPORARY REGISTER 
SP sP STACK POINTER 


FIGURE 2. REGISTER FILES A AND B 


program counter (PC) 


The SMJ34010’s 32-bit program counter register points to the next instruction-stream word to be fetched. 
Since instruction words are aligned to 16-bit boundaries, the four LSBs of the PC are always zero. 


instruction cache 


An on-chip instruction cache contains 256 bytes of RAM and provides fast access to instructions. It operates 
automatically and is transparent to software. The cache is divided into four 64-byte segments. Associated 
with each segment is a 23-bit segment address register to identify the addresses in memory corresponding 
to the current contents of the cache segment. Each cache segment is further partitioned into eight 
subsegments of four words each. Each subsegment has associated with it a present flag to indicate whether 
the subsegment contains valid data. 
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SEGMENT START ADDRESS 


| || ]ssa REGISTER of] | || 


ee 


||| ]ssa REGISTER ry yd. 


Ff] |] [ssa REGISTER Atti 


Pp 
FLAGS 
eer 


DATA REGISTERS 


———eey, 
SUBSEGMENT 5 


|<*———. 16 ——__» 


SUBSEGMENT 7 


SUBSEGMENT 0 


SUBSEGMENT 1 


SUBSEGMENT 2 


SUBSEGMENT 3 


SEGMENT 0 


SUBSEGMENT 2 
OF SEGMENT 1 


SEGMENT 2 
SUBSEGMENT 4 
SUBSEGMENT 5 MOST 
RECENTLY-@& 
SUBSEGMENT 6 USED 
SUBSEGMENT 7 
LRU 
STACK 
SUBSEGMENT 
BERDESISEITIESIIIEI000E ss 
SUBSEGMENT 1 RECENTLY -@& 
USED 
SUBSEGMENT 2 
SUBSEGMENT 3 - 
SEGMENT 3 


SUBSEGMENT 4 


SUBSEGMENT 5 


SUBSEGMENT 6 


SUBSEGMENT 7 


FIGURE 3. INSTRUCTION CACHE 
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The cache is loaded only when an instruction requested by the SMJ34010 is not already contained within 
the cache. A least-recently-used (LRU) algorithm is used to determine which of the four segments of the 
cache is overwritten with the new data. For this purpose, an internal four-by-two LRU stack is used to 
keep track of cache usage. 


status register 


The status register (ST) is a special-purpose 32-bit register dedicated to status codes set by the results 
of implicit and explicit compare operations and parameters used to specify the length and behavior of fields 
O and 1. 


31 30 28 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 17 10 89 &@ F 6 S&F 4 B|Y! Tt COD 
7 " ¥ WHA, 


N - Sign bit IE - Interrupt enable bit 

C - Carry bit FE1 - Field extension bit 1 

Z - Zero bit FS1 - Field size bit 1 

V - Overflow bit FEO - Field extension bit O 
PBX - PixBIt executing FSO - Field size bit O 


FIGURE 4. STATUS REGISTER 


fields, bytes, pixels, and pixel arrays 


A 26-bit address output by the SMJ34010 selects a 16-bit word of physical memory; logically, however, 
the SMJ34010 views memory data as fields addressable at the bit level. Primitive data types supported 
by the SMJ34010 include: bytes, pixels, two 1- to 32-bit fields, and user-defined pixel arrays. 


Fields O and 1 are specified independently to be from 1 to 32 bits in length. Bytes are special 8-bit cases 
of the field data type, while pixels are 1, 2, 4, 8 or 16 bits in length. In general, fields (including bytes) 
may start and terminate on arbitrary bit boundaries; pixels must pack evenly into 16-bit words. 


pixel operations 


Pixel arrays are two-dimensional data types of user-defined width, height, pixel depth (number of bits per 
pixel), and pitch (distance between rows). A pixel or pixel array may be accessed by means of either its 
memory address or its XY coordinates. Transfers of individual pixels or pixel blocks are influenced by the 
pixel processing, transparency, window checking, plane masking, or corner adjust operations selected. 


1/O registers 


The GSP contains an on-chip block of twenty-eight 16-bit 1/O registers mapped into the SMJ34010’s 
memory address space. They can be accessed either by the SMJ34010’s CPU or by the host processor 
via the host interface. The |/O registers contain control. parameters necessary to configure the operation 
of the following interfaces: interface to host processor (5 I/O registers), interface to local memory (6 
registers), video timing and screen refresh functions (15 registers), and externally and internally generated 
interrupts (2 registers). The I/O registers also furnish status information on these interfaces. 
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ADDRESS 


0C00001FOh 
0C00001E0h 
0C00001D0h 
0C00001COh 
0C00001BOh 
0C00001A0h 
0C0000190h 
0C0000180h 
0C0000170h 
0C0000160h 
0C0000150h 
0C0000140h 
0C0000130h 
0C0000120h 
0C0000110h 
0C0000100h 
OCOOOOOFOh 
OCOOOOOEOh 
OCOOO000D0h 
OCOO000COh 
OCOOOOO0BOh 
OCOOOO00A0h 
0CO0000090h 
0C0000080h 
0C0000070h 
OCOO000060h 
O0CO0000050h 
0C0000040h 
0C0000030h 
0C0000020h 
0C0000010h 
0CO0000000h 


host interface registers 


REGISTER 


DRAM REFRESH COUNT 
DISPLAY ADDRESS 
VERTICAL COUNT 
HORIZONTAL COUNT 
DISPLAY TAP POINT 


PLANE MASK 

PIXEL SIZE 

CONVERSION (DESTINATION PITCH) 
CONVERSION (SOURCE PITCH) 
INTERRUPT PENDING 
INTERRUPT ENABLE 

HOST CONTROL (8 MSB’S) 
HOST CONTROL (8 LSB’S) 
HOST ADDRESS (16 MSB’S) 
HOST ADDRESS (16 LSB’S) 
HOST DATA 

CONTROL 

DISPLAY INTERRUPT 
DISPLAY START 

DISPLAY CONTROL 

VIDEO TOTAL 

VERTICAL START BLANK 
VERTICAL END BLANK 
VERTICAL END SYNC 
HORIZONTAL TOTAL 
HORIZONTAL START BLANK 
HORIZONTAL END BLANK 
HORIZONTAL END SYNC 


FIGURE 5. I/O REGISTERS 


The host interface registers are provided for communications between the SMJ34010 and the host 
processor. The registers are mapped into five of the |/O register locations accessible to the SMJ34010. 
These same registers are mapped into four locations in the GSP interface to the host. 


One of the registers is devoted to host interface control functions such as the passing of interrupt requests 
and 3-bit status codes from host to SMJ34010 and from SMJ34010 to host. Other control functions 
available to the host processor include flushing the instruction cache, halting the SMJ34010, and 
transmitting a non-maskable interrupt request to the SMJ34010. 
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The remaining host registers are used for block transfers between the SMJ34010 and host processor. 
The host uses these registers to indirectly access blocks within the SMJ34010’s local memory. Two of 
the 16-bit registers contain the 32-bit address of the current word location in memory. Another 16-bit 
register buffers data transferred to and from the memory by the host processor. The host interface can 
be programmed to automatically increment the pointer address following each transfer to provide the host 
with rapid access to a block of sequential addresses. 


memory interface control registers 


Six of the I/O registers are dedicated to various local memory interface functions including: 


Frequency and type of DRAM refresh cycles 

Pixel size 

Masking (write protection) of individual color planes 
Various pixel access control parameters 

— Window checking mode 

— Boolean or arithmetic pixel processing operation 
— Transparency 

— PixBIt direction control 


video timing and screen refresh 


Fourteen I/O registers are dedicated to video timing and screen refresh functions. The SMJ34010 generates 
the horizontal sync (HSYNC), vertical sync (VSYNC), and blanking (BLANK) signals used to drive a video 
monitor in a graphics system. These signals are controlled by means of a set of programmable video timing 
1/O registers and are based on the input video clock, VCLK. VCLK does not have to be synchronous with 
respect to INCLK, the SMJ34010’s CPU input clock. 


The SMJ34010 directly supports multiport video RAMs (VRAMs) by generating the shift-register-load cycles 
necessary to refresh the display being shown on the video monitor. The memory locations from which 
display information is taken, as well as the number of horizontal scan lines displayed between shift-register- 
load cycles, are programmable. VRAM tap point addresses are also fully programmable to support horizontal 
panning. 


The SMJ34010 supports various screen resolutions and either interlaced or noninterlaced video. The 
SMJ34010 can optionally be programmed to synchronize with externally generated sync signals so that 
graphics images created by the SMJ34010 can be superimposed upon images created externally. The 
external sync mode can also be used to synchronize the video signals generated by two or more SMJ34010 
chips in a multiple-SMJ34010 graphics system. 


interrupt interface registers 


Two dedicated I/O registers monitor and mask interrupt requests to the SMJ34010, including two externally 
generated interrupts and three internally generated interrupts. An internal interrupt request can be generated 
on one of the following conditions: 


e Window violation: an attempt has been made to write a pixel to a location inside or outside a 
specified window boundary. 

e Host interrupt: the host processor has set the interrupt request bit in the host control register. 

e Display interrupt: a specified line number in the frame has been displayed on the screen. 


A nonmaskable interrupt occurs when the host processor sets a particular control bit in the host interface 
registers. The SMJ34010 reset function is controlled by a dedicated pin. 
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memory controller/local memory interface 


The memory controller manages the SMJ34010’s interface to the local memory and automatically performs 
the bit alignment and masking necessary to access data located at arbitrary bit boundaries within memory. 
The memory controller operates autonomously with respect to the CPU. It has a ‘’write queue”’ one field 
(1 to 32 bits) deep that permits it to complete the memory cycles necessary to insert the field into memory 
without delaying the execution of subsequent instructions. Only when a second memory operation is 
required before the memory controller has completed the first operation is the SMJ34010 forced to defer 
instruction execution. 


The SMJ34010 directly interfaces to all standard dynamic RAMs and, in particular to JEDEC standard 
64K and 256K video RAMs such as the SMJ4161 and SMJ4461 Multiport VRAMs. The SMJ34010 memory 
interface consists of a triple-multiplexed address/data bus plus the associated control signals. Row address, 
column address, and data are multiplexed over the same address/data lines. DRAM refresh is supported 
with a variety of modes including CAS-before-RAS refresh. 


SMJ34010 memory map 


From the programmer's point of view, the SMJ34010 treats data and instructions as residing in the same 
memory space. 


BIT 232— 14 
(LAST BIT IN MEMORY) 


ADDRESS 
OFFFFFFFOh 
INTERRUPT 
64 WORDS yeeros 
OFFFFFCOOh 
OFFFFFBFOh| .1> worps 
RESERVED 
OFFFFEOOOh 
OFFFFDFFOh 
GENERAL 
2261024 WORDS USE 
0C0002000h 
0C0001FFOh 
ee RESERVED 
0C0000200h 
0C00001FOh 
INTERNAL 1/0 
32 WORDS REGISTERS 
0C0000000h 
OBFFFFFFOh 
3x226 WORDS GENERAL 
USE 
000000000h 
BIT 0 


<1 6 ———__» 


(FIRST BIT IN MEMORY) 


FIGURE 6. MEMORY MAP 
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instruction set 


The SMJ34010 instructions fall into three categories. The graphics instructions manipulate pixel data, 
accessed via memory addresses or XY coordinates. They provide support for graphics operations such 
as array and raster ops, pixel processing, windowing, plane masking, and transparency. The move 
instructions comprehend bit addressing and field operations; they manipulate fields of data using linear 
addressing for transfer to and from memory and the register file. The SMJ34010 genera/-purpose 
instructions provide a complete set of arithmetic and Boolean operations on the register file as well as 
general program control and data processing. Partial timing information is provided in the table below. 
The two values given for jump instructions in the Minimum Cycles column indicate the jump and no-jump 
conditions, respectively. Full timing information can be obtained in the 7WS340170 User’s Guide (number 
SPVUOO1A). 


The following abbreviations are used below in the opcodes: S (source register), D (destination register), 
R (register file select), F (field select), K (constant), M (cross A/B file boundary), Z (draw option), code 
(jump select code), X (don’t care), N (trap select and stack adjust), RS (source register), RD (destination 
register), xxxx (address displacement), IL (32-bit immediate operand), and |W (16-bit immediate operand). 


GRAPHICS INSTRUCTIONS 


NO. MINIMUM STATUS 
SYNTAX DESCRIPTION WORDS CYCLES 16-BIT OPCODE BITS 
MSB LSB 

ADDXY RS, RD Add Registers in XY Mode 1 1 1110 000S SSSR DDDD N C ZV 
CMPXY RS, RD Compare X and Y Halves of Registers 1 3 1110 010S SSSR DDDD N C Z V 
CPW RS, RD Compare Point to Window 1 1 1110 0118S SSSR DDDD V 
CVXYL RS, RD Convert XY Address to Linear Address 1 3 1110 100S SSSR DDDD — — — — 
DRAV RS, RD Draw and Advance 1 t 1111 0118S SSSR DDDD — — — V 
FILL L Fill Array with Processed Pixels: Linear 1 t 0000 11111100 0000 — — — — 
FILL XY Fill Array with Processed Pixels: XY 1 t 0000 11111110 0000 — — — V 
LINE Z Line Draw 1 t 11111110 Z001 1010 — —~ — V 
MOVX RS, RD Move X Half of Register 1 1 1110 110S SSSR DDDD — — — — 
MOVY RS, RD Move Y Half of Register 1 1 1110 111S SSSR DDDD — — — — 
PIXBLT B,L Pixel Block Transfer: Binary to Linear 1 t 0000 1111 1000 0000 -—- — — — 
PIXBLT B,XY Pixel Block Transfer and Expand: Binary to XY 1 t 0000 1111 1010 0000 — — — V 
PIXBLT LL Pixel Block Transfer: Linear to Linear 1 t 0000 1111 0000 0000 — — — — 
FIXGLT L,xXY Pixel Block Transfer: Linear to XY 1 t 0000 1111 0010 0000 — — — V 
PIXBLT XY, L Pixel Block Transfer: XY to Linear 1 t 0000 1111 0100 0000 — — — — 
PIXBLT XY,XY Pixel Block Transfer: XY to XY 1 t 0000 11110110 0000 — — — V 
PIXT RS,*RD Pixel Transfer: Register to Indirect 1 t 1111 100S SSSR DDDD — — — — 
PIXT RS,*RD.XY Pixel Transfer: Register to Indirect XY 1 t 1111 000S SSSR DDDD — — — V 
PIXT *RS, RD Pixel Transfer: Indirect to Register 1 4 1111 1019 SSSR DODD = = = = 
PIXT *RS,*RD Pixel Transfer: Indirect to Indirect 1 t 1111 110S SSSR DDDD — — — — 
PIXT *RS.XY, RD Pixel Transfer: Indirect XY to Register 1 6 1111 001S SSSR DDDD —- — —- — 
PIXT *RS.XY,*RD.XY Pixel Transfer: Indirect XY to Indirect XY 1 t 1111010S SSSR DDDD —- — — V 
SUBXY RS,RD Subtract Registers in XY Mode 1 1 1110 0018S SSSR DDDD NC zy 


tNumber of cycles depends on pixel size and/or pixel array size and graphics option selected. See 7WS34010 User’s Guide (SPVUOO1A). 
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MOVE INSTRUCTIONS 


NO. MINIMUM STATUS 
SYNTAX DESCRIPTION WORDS CYCLES~ 16-BIT OPCODE BITS 
MSB LSB 

MOVB RS,*RD Move Byte: Register to Indirect 1 t 1000 110S SSSR DDDD — — — — 
MOVB *RS,RD Move Byte: Indirect to Register 1 t 1000 111S SSSR DDDD N — Z O 
MOVB *RS,*RD Move Byte: Indirect to Indirect 1 t 1001 110S SSSR DDDD — — — — 
MOVB RS, *RD(Disp) Move Byte: Register to Indirect with Disp. 2 t 1010 110S SSSR DDDD — — — — 
MOVB *RS(Disp),RD Move Byte: Indirect with Disp. to Register 2 t 1010 111S SSSR DDDD N — Z O 
MOVB *RS(Disp),*RD(Disp) Move Byte: Ind. with Disp. to Ind. 

with Disp. 3 t 1011 110S SSSR DDDD — — — — 
MOVB RS,@DADDR Move Byte: Register to Absolute 3 t 0000 0101 111R SSSS — — — — 
MOVB @SADDR,Rd Move Byte: Absolute to Register 3 t 0000 0111 111R DDDD N — Z O 
MOVB @SADDR,@DADDR Move Byte: Absolute to Absolute 5 t 0000 0011 0100 0000 — — — — 
MOVE RS,RD Move Register to Register 1 1 0100 11MS SSSR DDDD N — ZO 
MOVE RS,*RD,F Move Field: Register to Indirect 1 t 1000 OOFS SSSR DDDD — — — — 
MOVE RS, — *RD,F Move Field: Register to Indirect (pre-dec) 1 t 1010 OOFS SSSR DDDD — — — — 
MOVE RS,*RD+,F Move Field: Register to Indirect (post-inc) 1 T 1001 OOFS SSSR DDDD — — — — 
MOVE *RS,RD,F Move Field: Indirect to Register 1 t 1000 01FS SSSR DDDD N — Z O 
MOVE — *RS,RD,F Move Field: Indirect (pre-dec) to Register 1 t 1010 01FS SSSR DDDD N — Z O 
MOVE *RS+,RD,F Move Field: Indirect (post-inc) to Register 1 T 1001 01FS SSSR DDDD N — Z O 
MOVE *RS,*RD,F Move Field: Indirect to Indirect 1 t 1000 10FS SSSR DDDD — — — — 
MOVE — *RS, — *RD,F Move Field: Ind. (pre-dec) to Ind. (pre-dec) 1 t 1010 10FS SSSR DDDD — — — — 
MOVE *RS+,*RD+,F Move Field: Ind. (post-inc) to Ind. (post-inc) 1 t 1001 10FS SSSR DDDD — — — — 
MOVE RS,*RD(Disp),F Move Field: Register to Indirect with Disp. 2 t 1011 OOFS SSSR DDDD — — — — 
MOVE *RS(DISP),RD,F Move Field: Indirect with Disp. to Register 2 t 1011 01FS SSSR DDDD N — Z O 
MOVE *RS(Disp),*RD+,F Move Field: Ind. with Disp. to Ind. 

(post-inc) 2 t 1101 OOFS SSSR DDDD — — — — 
MOVE *RS(Disp),*RD(Disp),F Move Field: Ind. with Disp. to Ind. 

with Disp. 3 t 1011 10FS SSSR DDDD — — — — 
MOVE RS,@DADDR,F Move Field: Register to Absolute 3 t 0000 O1F1 100R SSSS — — — — 
MOVE @SADDR,RD,F Move Field: Absolute to Register 3 t 0000 01F1 101R DDDD N — Z O 
MOVE @SADDR,*RD+,F Move Field: Absolute to Indirect (post-inc) 3 q 1101 01FO OOOR DDDD — — — — 
MOVE @SADDR,@DADDR,F Move Field: Absolute to Absolute 5 t 0000 01F1 1100 0000 — — — — 


TNumber of cycles depends on field size and alignment. See 7WS34010 User’s Guide (SPVUOO01A). 


TEXAS 4% 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON. TEXAS 77001 


14-232 


SMJ34010 
GRAPHICS SYSTEM PROCESSOR 


SYNTAX 


ABS RD 
ADD RS,RD 
ADDC RS,RD 
ADDI IW,RD 
ADDI IL,RD 
ADDK K,RD 
AND RS,RD 
ANDI IL,RD 
ANDN RS,RD 
ANDNI IL,RD 
BTST K,RD 
BTST RS,RD 
CLR RD 
CLRC 

CMP RS,RD 
CMPI IW,RD 
CMPI IL,RD 
DEC RD 
DINT 

DIVS RS,RD 
DIVU RS,RD 
EINT 

EXGF RD,F 
LMO RS,RD 


MMFM RS, List 
MMTM RD, List 


MODS RS,RD 
MODU RS,RD 
MOVI IW,RD 
MOVI IL,RD 
MOVK K,RD 


MPYS RS,RD 


MPYU RS,RD 


NEG RD 
NEGB RD 
NOP 

NOT RD 
OR RS,RD 
ORI IL,RD 
RL K,RD 
RL RS,RD 
SETC 
SETF FS,FE,F 
SEXT RD,F 


GENERAL INSTRUCTIONS 


DESCRIPTION 


Store Absolute Value 

Add Registers 

Add Register with Carry 

Add Immediate (16 Bits) 
Add Immediate (32 Bits) 
Add Constant (5 Bits) 

AND Registers 

AND Immediate (32 Bits) 
AND Register with Complement 
AND Not Immediate (32 Bits) 
Test Register Bit - Constant 
Test Register Bit - Register 
Clear Register 

Clear Carry 

Compare Registers 

Compare Immediate (16 Bits) 
Compare Immediate (32 Bits) 
Decrement Register 

Disable Interrupts 

Divide Registers Signed 
Divide Registers Unsigned 
Enable Interrupts 

Exchange Field Size 
Leftmost One 


Move Multiple Registers from Memory 
Move Multiple Registers to Memory 


Modulus Signed 

Modulus Unsigned 

Move Immediate (16 Bits) 
Move Immediate (32 Bits) 
Move Constant (5 Bits) 


Multiply Registers (Signed) 


Multiply Registers (Unsigned) 


Negate Register 
Negate Register with Borrow 
No operation 
Complement Register 
OR Registers 

OR Immediate (32 bits) 
Rotate Left - Constant 
Rotate Left - Register 
Set Carry 

Set Field Parameters 
Sign Extend to Long 


NO. 
WORDS 


—_ 


— 


— —_ _ —_ —_— wd — —_— — — — 


MINIMUM 
CYCLES 


WO —| WH NYO —] |] | NYO AH] WH |] WH HS] AB] WD | HS A 


- =] =] WO - - SS S| 


MSB 
0000 
0100 
0100 
0000 
0000 
0001 
0101 
0000 
0101 
0000 
0001 
0100 
0101 
0000 
0000 
0000 
0000 
0001 
0000 
0101 
0101 
0000 
1101 
0110 
0000 
0000 
0110 
0110 
0000 
0000 
0001 


0101 


0101 


0000 
0000 
0000 
0000 
0101 
0000 
0011 
0110 
0000 
0000 
0000 


16-BIT OPCODE 


0011 
000S 
001S 
1011 
1011 
OOKK 
O000S 
1011 
001S 
1011 
11KK 
101S 
011D 
0011 
1011 
1011 
1011 
0100 
0011 
100S 
1018S 
1101 
O1F1 
101S 
1001 
1001 
110S 
1118 
1001 
1001 
10KK 


1108S 


111S 


0011 
0011 
0011 
0011 
010S 
1011 
OOKK 
100S 
1101 
O1F1 
O1F1 


100R 
SSSR 
SSSR 
OOOR 
001R 
KKKR 
SSSR 
100R 
SSSR 
100R 
KKKR 
SSSR 
DDDR 
0010 
010R 
010R 
011R 
001R 
0110 
SSSR 
SSSR 
0110 
OOOR 
SSSR 
101R 
100R 
SSSR 
SSSR 
110R 
111R 
KKKR 


SSSR 


SSSR 


101R 
110R 
0000 
111R 
SSSR 
101R 
KKKR 
SSSR 
1110 
O1FS 
OOOR 


LSB 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
0000 
DDDD 
DDDD 
DDDD 
DDDD 
0000 
DDDD 
DDDD 
0000 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 


DDDD 


DDDD 


DDDD 
DDDD 
0000 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
0000 
SSss 
DDDD 


STATUS 


Zz2oZae2A 242 


tNumber of cycles depends on number of registers in list and stack alignment. See 7WS34010 User’s Guide (SPVUOO1A). 


BITS 


NNNNNNNNNNNN 
<< < < < © 


NON00 0 


| 
| 


| 
NNN NN 
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NO. MINIMUM STATUS 
SYNTAX DESCRIPTION WORDS CYCLES 16-BIT OPCODE BITS 
MSB LSB 
SLA K,RD Shift Left Arithmetic - Constant 1 a 0010 OOKK KKKR DDDD N C Z V 
SLA RS,RD Shift Left Arithmetic - Register 1 a 0110 O0OS SSSR DDDD N C Z V 
SLL K,RD Shift Left Logical - Constant 1 1 0010 O1KK KKKR DDDD — C Z — 
SLL RS,RD Shift Left Logical - Register 1 1 0110 001S SSSR DDDD — C Z — 
SRA K,RD Shift Right Arithmetic - Constant 1 1 0010 10KK KKKR DDDD N C Z — 
SRA RS,RD Shift Right Arithmetic - Register 1 1 0110 010S SSSR DDDD N C Z — 
SRL K,RD Shift Right Logical - Constant 1 1 0010 11KK KKKR DDDD — C Z — 
SRL RS,RD Shift Right Logical - Register 1 1 0110 011S SSSR DDDD — C Z — 
SUB RS,RD Subtract Registers 1 1 0100 010S SSSR DDDD N C Z V 
SUBB RS,RD Subtract Registers with Borrow 1 1 0100 011S SSSR DDDD N C Z V 
SUBI IW,RD Subtract Immediate (16 Bits) 2 2 0000 1011 111R DDDD N C Z V 
SUBI IL,RD Subtract Immediate (32 Bits) 3 3 0000 1101 OOOR DDDD N C Z V 
SUBK K,RD Subtract Immediate (5 Bits) 1 1 0001 O1KK KKKR DDDD N C Z V 
XOR RS,RD Exclusively OR Registers 1 1 0101 011S SSSR DDDD — — Z — 
XORI IL,RD Exclusively OR Immediate Value (32 Bits) 3 3 0000 1011 1100 DDDD — — Z — 
ZEXT RD,F Zero Extend to Long 1 1 0000 O1F1 OO1R DDDD — — Z — 
PROGRAM CONTROL AND CONTEXT SWITCHING 
NO. MINIMUM STATUS 
SYNTAX DESCRIPTION WORDS CYCLES 16-BIT OPCODE BITS 
MSB LSB 
CALL RS Call Subroutine Indirect 1 6 0000 1001 O001R DDDD — — — — 
CALLA ADDR Call Subroutine Absolute 3 6 0000 1101 0101 1111 — — — — 
CALLR ADDR Call Subroutine Relative 2 5 0000 1101 0011 1111 — — — — 
DSJ RD,ADDR Decrement Register and Skip Jump Ps 3,2. 0000 1101 100R DDDD — — — — 
DSJEQ RD,ADDR Conditionally Decrement Register and Skip Jump 2 3,2 0000 1101 101R DDDD — — — — 
DSJNE RD,ADDR Conditionally Decrement Register and Skip Jump 2 3,2 0000 1101 110R DDDD — — — — 
DSJS RD,ADDR Decrement Register and Skip Jump - Short 1 2,3. 0011 1Dxx xxxR DDDD — — — — 
EMU Initiate Emulation 1 6 0000 0001 0000 0000 — — — — 
EXGPC RD Exchange Program Counter with Register 1 2 0000 0001 O001R DDDD — — — — 
GETPC RD Get Program Counter into Register 1 1 0000 0001 010R DDDD — — — — 
GETST RD Get Status Register into Register 1 1 0000 0001 100R DDDD — — — — 
JAcc ADDR Jump Absolute Conditional 3,4 1100 code 1000 0000 — — — — 
JRcc ADDR Jump Relative Conditional 2 3,2 1100 code OOOO OOOO — — — — 
JRcc ADDR Jump Relative Conditional - Short 1 2,1 1100 code xxxx xXxxx — — — — 
JUMP RS Jump Indirect 1 2 0000 0001 011R DDDD — — — — 
POPST Pop Status Register from Stack 1 8 0000 0001 1100 OO000 — — — — 
PUSHST Push Status Register onto Stack 1 Pd 0000 0001 1110 0000 — — — — 
PUTST RS Copy Register into Status 1 x 0000 0001 101R DDDD N C Z V 
RETI Return from Interrupt 1 11 0000 1001 0100 0000 N C Z V 
RETS (N) Return from Subroutine 1 7 0000 1001 011N NNNN — — — — 
REV RD Get Revision Number 1 1 0000 0000 001R DDDD — — — — 
TRAP N Software Interrupt 1 16 0000 1001 OOON NNNN O O O O 
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development systems and software support 


Texas Instruments, together with third party suppliers, offers a full range of hardware and software 
development tools for the SMJ34010. The support environment is aimed at four areas of support with 
the key tools based on the IBM PC, DEC VAX, and TI Professional computers: f 


DESIGNER TOOLS 


Hardware XDS-22 Real Time Emulator (with PC-based Debugger Interface) 
PC Software Development Board (with Debugger Interface) 


Software Assembly Language Package, including: 
Macro Assembler, Linker, Archiver, ROM Utility, Software Simulator (PC only) 
Graphics/Math Function Library 
Bit-Mapped Font Library 
Languages C Compiler Package including: 
34010 C Compiler 
Run Time Support 
Systems Window Management Support 
Image Processing Support 
Graphics Interfaces and Standards 
Debugger Adaptation Software 


Further support is provided through a network of Regional Technology Centers (RTCs). 


a 


TIBM PC is a trademark of International Business Machines Corporation; DEC and VAX are trademarks of Digital Equipment Corporation. 
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TMS340 FAMILY HARDWARE AND SOFTWARE SUPPORT 


PART NUMBER 
SMJ34010-50GBM 
SMJ34010-50FDM 
SMJ34010-40GBM 
SMJ34010-40FDM 
SMJ34061GBS 
SMJ4161-15JDS 
SMJ4461-15JDS 


MILITARY SMJ340 SILICON SUPPORT 
Graphics System Processor 68-Pin PGA 


Video System Controller 68-Pin PGA 
64K x 1 Multiport Memory 20-Pin, 300-Mil, DIP 
64K x 4 Multiport Memory 24-Pin, 400-Mil DIP 


SILICON PART NUMBER 
Graphics System Processor 68-Pin PLCC TMS34010FNL 
Video System Controller 68-Pin PLCC TMS34061FNL 
Color Palette 22-Pin DIP TMS34070NL 
64Kx1 Multiport Memory 22-Lead PLCC (120 and 150 ns) TMS4161FML 
64Kx1 Multiport Memory 22-Pin DIP (120 and 150 ns) TMS4161NL 
64Kx4 Multiport Memory 24-Pin DIP (120 and 150 ns) TMS4461NL 
OPERATING 
SOFTWARE TOOLS COMPUTER SYSTEM PART NUMBER 
TMS34010 Assembler Package: 
Assembler, Linker, Archiver, IBM/TI PC MS-DOS 2.11+ TMDS3440808002 
Code Conversion Utility, Simulator 
TMS34010 Assembler Package: 
Assembler, Linker, Archiver, VAX VMS TMDS3440200059 
Code Conversion Utility (GSP) VAX ULTRIX TMDS3440200069 
VAX System V TMDS3440200089 
TMS34010 C Compiler Package IBM/TI PC MS-DOS 2.11+ TMDS3440805002 
VAX VMS TMDS3440205059 
VAX ULTRIX TMDS3440205069 
VAX System V TMDS3440205089 
TMS34010 Graphics/Math 
Function Library IBM/TI PC - Source TMDS3440802202 
VAX - Source TMDS3440802208 
TMS34010 Bit-Mapped Font Library IBM/TI PC MS-DOS 2.11+ TMDS3440802302 
VAX ALL TMDS3440202308 
TMS34010 PC Debugger Development Package IBM/TI PC MS-DOS 2.11+ TMDS3440806002 
(For Internal Use) 
TMS34010 PC Debugger Development Package IBM/TI PC MS-DOS 2.11+ TMDS3440806003 
(For Resale) 
HARDWARE TOOLS COMPUTER VERSION PART NUMBER 
TMS34010 XDS-22 Real-Time Emulator with BT&T see TMDS3469910000 
Europe TMDS3469981000 
Color Graphics Controller Board (TMS34061, TMS34070) IBM/TI PC TMDS3471804000 
TMS34010 Software Development Board IBM/TI PC TMDS341 1804420 


DESIGN KITS PART NUMBER 
TMS340 Graphics Design Kit, including TMS34061, TMS34070, TMS4161s TMS340GDK 
TMS34010 Graphics Design Kit, including TMS34010, TMS34070, TMS4461s, PC Assembler TMS34010GDK 
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reset 


Reset puts the SMJ34010 into a known initial state. It is entered when the input signal at the RESET 
pin is asserted low. RESET must remain active low for a minimum of 40 local clock (LCLK1 and LCLK2) 
periods to ensure that the SMJ34010 has sufficient time to establish its initial internal state. 


While RESET remains asserted, all outputs are in a known state, no DRAM-refresh cycles take place, and 
no screen-refresh cycles are performed. 


At the low-to-high transition of the RESET signal, the state of the HCS input determines whether the 
GSP will be halted or begin executing instructions. The GSP may be in one of two modes, host-present 
or self-bootstrap mode. 


1. Host-Present Mode 


lf HCS is high at the end of reset, GSP instruction execution is halted and remains halted until the 
host clears the HLT (halt) bit in HSTCTL (host control register). Following reset, the eight RAS-only 
refresh cycles required to initialize the dynamic RAMs are performed automatically by the GSP memory 
control logic. As soon as the eight RAS-only cycles are completed, the host is allowed access to 
GSP memory. At this time, the GSP begins to automatically perform DRAM refresh cycles at regular 
intervals. The GSP remains halted until the host clears the HLT bit. Only then does the GSP fetch 
the level-O vector address from location >FFFF FFEO and begin executing its reset service routine. 


2. Self-Bootstrap Mode 


If HCS is low at the end of reset, the GSP first performs the eight RAS-only refresh cycles required 
to initialize the DRAMs. Immediately following the eight RAS-only cycles, the GSP fetches the level-O 
vector address from location >FFFF FFEO, and begins executing its reset service routine. 


Unlike other interrupts and software traps, reset does not save previous ST or PC values. This is because 
the value of the stack pointer just before a reset is generally not valid, and saving its value on the stack 
is unnecessary. A TRAP O instruction, which uses the same vector address as reset, similarly does not 
save the ST or PC values. 


asserting reset 


A reset is initiated by asserting the RESET input pin at its active-low level. To reset the GSP at power 
up, RESET must remain active low for a minimum of 40 local clock periods after power levels have become 
stable. At times other than power up, the GSP is also reset by holding RESET low for a minimum of 40 
clock periods. The 40-clock interval is required to bring GSP internal circuitry to a known initial state. While 
RESET remains asserted, the output and bidirectional signals are driven to a known state. 


The GSP drives its RAS signal inactive high as long as RESET remains low. The specifications for certain 
DRAM and VRAM devices, including the SMJ4161, SMJ4164 and SMJ4464 devices, require that the 
RAS signal be driven inactive-high for 100 microseconds during system reset. Holding RESET low for 150 
microseconds will cause the RAS signal to remain high for the 100 microseconds required to bring the 
memory devices to their initial states. DRAMs such as the SMJ4256 specify an initial RAS high time of 
200 microseconds, requiring that RESET be held low for 250 microseconds. In general, holding RESET 
low for t microseconds ensures that RAS remains high initially for t— 50 microseconds. 


suspension of DRAM-refresh cycles during reset 


An active-low level at the RESET pin is considered to be a power-up condition, and DRAM refresh is not 
performed until RESET goes inactive high. Consequently, the previous contents of the local memory may 
not be valid after a reset. 
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initial state following reset 


While the RESET pin is asserted low, the GSP’s output and bidirectional pins are forced to the states listed 
below. 


INITIAL STATE OF PINS FOLLOWING A RESET 


OUTPUTS DRIVEN OUTPUTS DRIVEN BIDIRECTIONAL 
TO HIGH LEVEL TO LOW LEVEL PINS DRIVEN TO 
HIGH IMPEDANCE 
HSYNC 
VSYNC 
HDO-HD15 


LADO-LAD15 


Immediately following reset, all |/O registers are cleared (set to >OOOO), with the possible exception of 
the HLT bit in the HSTCTL register. The HLT bit is set to 1 if HCS is high just prior to the low-to-high 
transition of RESET. 


Just prior to execution of the first instruction in the reset routine, the SMJ34010’s internal registers are 
in the following state: 


e General-purpose register files A and B are uninitialized. 
e The ST is set to >OOOO 0010. 
e The PC contains the 32-bit vector fetched from memory address >FFFF FFEO. 


The state of the instruction cache at this time is as follows: 


e The SSA (segment start address) registers are uninitialized. 

e The LRU (least recently used) stack is set to the initial sequence O,1,2,3, where O occupies the 
most-recently-used position, and 3 occupies the least-recently-used position. 

e All P (present) flags are cleared to Os. 
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SMJ34010 local memory interface 


The SMJ34010 local memory interface consists of a triple-multiplexed address/data bus on which row 
addresses, column addresses, and data are transmitted. The associated memory control signals support 
direct interfacing to both DRAMs and VRAMs. At the beginning of a typical memory cycle, the address 
is output in multiplexed fashion as a row address followed by a column address. The remainder of the 
cycle is used to transfer data between the SMJ34010 and memory. 


COLUMN 
ADDRESS | ADDRESS ahiin 


SMJ34010 


[26 | 


Scsseneuseesoouses BITS 4-14.07 


eeeve 
@eeeeeseeeseerereerasee.. eee 
e 


32-BIT MEMORY ADDRESS 


BIT 31 BIT O BIT 15 BIT O 
(MSB) (LSB) (MSB) (LSB) 


RF = DRAM-REFRESH BUS STATUS BIT 
IAQ = INSTRUCTION ACQUISITION BUS STATUS BIT 
TR = VRAM SHIFT-REGISTER-TRANSFER BUS STATUS BIT 


FIGURE 7. TRIPLE MULTIPLEXING OF ADDRESSES AND DATA 


The following types of memory cycles are supported: read, write, VRAM memory-to-shift-register, VRAM 
shift-register-to-memory, RAS-only DRAM refresh and CAS-before-RAS DRAM refresh. The functional 
timing for these cycles is shown in the next six figures. The seventh figure indicates the timing signals 
output during an internal cycle, i.e., a cycle during which no memory access takes place. 


During a memory cycle, the row address, column address, and data are transmitted over the same physical 
bus lines. The manner in which logical addresses are output at the memory interface makes external 
multiplexing hardware unnecessary, while supporting a wide variety of memory configurations. For example, 
in Figure 7, 16 consecutive address bits (5 through 20) are output on LAD1-LAD8 during the row and 
column address times. Output along with the address are bus status signals that indicate when DRAM 
refresh cycles, screen refresh (VRAM memory-to-shift-register) cycles, and instruction fetch cycles are 
occurring. 
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The following remarks apply to memory timing in general. A row address is output on LADO-LAD15 at 
the start of the cycle, and is valid before and after the fall of RAS. Next a column address is output on 
LADO-LAD15. The column address is valid briefly before and after the falling edge of LAL, but is not valid 
at the falling edge of CAS. The column address is clocked into an external transparent latch 
(e.g., a 54AS373 octal latch) on the falling edge of LAL to provide the hold time on the column 
address required for dynamic RAMs and video RAMs. A transparent latch is required in order that the row 
address be available at the outputs of the latch during the start of the cycle. 


Very large memory configurations may require external buffering of data lines. The DEN signal serves as 
the drive-enable signal to external bidirectional buffers, e.g., 54AS245 octal buffers. The DDOUT signal 
serves as the direction control for the buffers. 


When an 1/O register is addressed by the SMJ34010, a special memory read or write cycle is performed. 
During this cycle, the external RAS signal falls, but the external CAS remains inactive-high for the duration 
of the cycle. 


The timing shown in the first six functional timing diagrams assumes that the LRDY input remains high 
during the cycle. The LRDY pin is pulled low by slower memories requiring a longer cycle time. The 
SMJ34010 samples the LRDY input at the end of Q1, as indicated in the figures. If LRDY is low, the 
SMJ34010 inserts an additional state, called a ‘‘wait’’ state, into the cycle. Wait states continue to be 
inserted until LRDY is sampled at a high level. The cycle then completes in the manner indicated in the 
functional timing diagrams. A wait state is one local clock period in duration. Three additional timing diagrams 
provide examples of cycles extended by wait states. 


The LRDY input is ignored by the SMJ34010 during internal cycles. 


A hold/hold acknowledge capability is also built into the local memory interface to allow external devices 
to request control of the bus. After acknowledging a hold request, the SMJ34010 releases the bus by 
driving its address/data bus and control outputs into the high-impedance state. 
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write cycle timing 
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SMJ34010 
read cycle timing 
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memory-to-register cycle timing 
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RAS-only DRAM refresh cycle timing 
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absolute maximum ratings over operating temperature range (see Note 1) 


SUDOIY VONNGG, VOR cu0 cee are Fe RET RR EKO SHDE MEN OEa Re RECS TEE GEER *R OEE ER 7V 
Mie WONGOM MANGE s 666 6c hee sO TE ROTA RED GOS 4S eee bee ewe een =.8 Vio vf ¥ 
Off-state output voltage range ........... 0.00. cc eee eae -2Vto/V 
Maximum operating case-temperature .......... 00.000. ee eee 125°C 
Minimum operating free-air temperature ... 2... 0... 0000 ee — 55°C 
Storage temperature range .... 2... 2... ee -65°C to 150°C 


NOTES: 1. Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress 
rating only. Functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended 
Operating Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended 
periods may affect device reliability. 
2. Voltage values are with respect to the Vss pins of the chip. 


recommended operating conditions 


ee 
a5 3 
ies Seopa 
I 
125 


NOTES: 3. Care should be taken by card designers to provide a minimum inductance path between the Vss pins and system ground in 
order to minimize Vsg noise. 
4. Output current of 2.0 mA is sufficient to drive five low-power Schottky TTL loads or 10 advanced low-power Schottky TTL 
loads (worst case). 
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DC electrical characteristics 


PARAMETER TEST CONDITIONS mee a sada UNIT | 
ee (NOTE 5) (NOTE 6) (NOTE 5) 
igh- K . 
High-level INCL Vec = MIN to MAX 


j VCLK 2.4 Vcc +0.3 
Ti Meet eee, FREQ (INCLK) = MIN (16 MHz) cc 
All other pins 
LADO-LAD15, HDO-HD15, 
HSYNCG, VSYNG 


All other pins 


All pins 


LCLK1, LCLK2, HLDA/EMUA 


HINT, HRDY, BLANK 


TTL-level signal All other pins 

Figh-impedance leakage current, Vo = BBV 

ey — Vcc = MAX, 2 uA 
Vo =0aV 


TTL-level signal 


Low-level 
a Vcc = MIN to MAX 


FREQ (INCLK) = MIN (16 MHz) 


ViL input voltage, 


TTL-level signal 


High-level 


VOH output voltage, Vcc = MIN, loH MAX 


TTL-level signal 


High-level 


VoL output voltage, Vcc = MAX, lo, = MAX 


bidirectional pins 


All inputs except RUN/EMU 
| Input current V; = Vss to V +20 A 
: eeciieninn (see Note 7) 5 ain 
Veg = MAX, 60 MHz 
Icc Supply current mA 
Voc = MAX, 40 MHz 
Co Output capacitance (except address/data lines) Aaa 


NOTES: 5. Forconditions shown as ‘‘MIN” or ‘‘MAX,"’ use the appropriate value specified under ‘‘Recommended Operating Conditions.’’ 
6. All typical values are at Vcc = 5V,Ta = 25°C. 
7. RUN/EMU will be no-connected in a typical configuration. The nominal pull-up current will be 250 pA. 
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signal transition levels 


TO.7 V for LCLK1, LCLK2, HLDA/EMUA, HINT, HRDY, and BLANK. 


FIGURE 8. TTL-LEVEL OUTPUTS 


TTL-level outputs are driven to a minimum logic-high level of 2.6 volts and to a maximum logic-low level 
of 0.6 volts (or 0.7 volts). Output transition times are specified as follows. 


For a high-to-low transition on a TTL-compatible output signal, the level at which the output is said to 
be ‘‘no longer high”’ is 2.0 voits, and the level at which the output is said to be ‘‘low”’ is 0.8 volts. For 
a low-to-high transition, the level at which the output is said to be “‘no longer low”’ is 0.8 volts, and the 
level at which the output is said to be ‘‘high’”’ is 2.0 volts. 


43.2 V for INCLK, 2.4 V for VCLK. 
8LADO-LAD15, HDO-HD15, HSYNC, VSYNC; 0.6 V for all others. 


FIGURE 9. TTL-LEVEL INPUTS 


Transition times for TTL-compatible inputs are specified as follows. For a high-to-low transition on an input 
signal, the level at which the input is said to be ‘‘no longer high”’ is 2.2 volts, and the level at which the 
input is said to be ‘‘low”’ is 0.8 volts. For a low-to-high transition on an input signal, the level at which 
the input is said to be ‘‘no longer low”’ is 0.8 volts, and the level at which the input is said to be ‘‘high’’ 
is 2.2 volts. 


test measurement 


The test load circuit shown in Figure 10 represents the programmable load of the tester pin electronics, 
which are used to verify timing parameters of SMJ34010 output signals. 


TESTER PIN 
ELECTRONICS 


- 
| 
IOL | 
| 
| 
| OUTPUT 


VLOAD 


Where: Io, = 2.0 mA DC level verification (all outputs) 
loH = 400 2A (all outputs) 
VLOAD = 1.5 V DC level verification 
0.7 V timing verification 
Cr = 80 pF load circuit capacitance 


FIGURE 10. TEST LOAD CIRCUIT 
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timing parameter symbology 


Timing parameter symbols have been created in accordance with JEDEC Standard 100. In order to shorten 
the symbols, some of the pin names and other related terminology have been abbreviated as follows: 


AL 
C 
CA 
CK 
CK1 
CK2 
CS 
D 
DD 
EN 
F 
HK 
HR 


LAL HS 
CAS ICK 
Column address LR 
LCLK1 and LCLK2 QE 
LCLK1 R 
LCLK2 RA 
HCS RS 
Data RY 
DDOUT S 
DEN TR 
HFSO, HFS1 VCK 
HLDA/EMUA Ww 
HOLD ws 


Lowercase subscripts and their meaning are: 


access time 

cycle time (period) 
delay time 

hold time 

setup time 

transition time 

pulse duration (width) 


HSYNC or VSYNC 

INCLK 

LRDY 

TR/OE, when used as output enable 
RAS 

Row address 

HREAD 

HRDY 

HREAD or HWRITE 

TR/QE, when used as shift register enable 
VCLK 

W 

HWRITE 


The following additional letters and symbols and their meaning are: 


=> il < 


High 

Low 

Valid 

High impedance 
No longer low 
No longer high 
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host interface timing parameters 


The timing parameters for host interface signals are shown in the next four figures. The purpose of these 
figures and the accompanying table is to quantify the timing relationships among the various signals. The 
explanation of the logical relationships among signals will be found in the 7W™S34010 User’s Guide (number 
SPVUOO1A). 


The write strobe referred to in the following table is the enabling signal during a write to one of the host 
interface registers (see comment 2 on the next page). Similarly, the read strobe is the enabling signal during 
a read. 


Quarter clock time tg, which appears in the following table, is one quarter of a local output clock period, 
or twice the input clock period, tc(|CK). 


SMJ34010-40 
PARAMETER SMJ34010-50 UNIT 


Setup time of HWRITE/HREAD high or HFSO, 


. 10 
su(FV-SL) UES 1 valid to read or write strobel 


2 td(WSL-DV) Delay from write strobe | to data in valid, write cycle 


3 ‘ Delay from read or write strobe low to next 7 10 
. + 
d(SL-SL) read or write strobe! Q 


tw(SL) Duration of read or write strobe low 


Delay from read or write strobe high to next 


5 t 3 
d(SH-SL) read or write strobel 


th(WSH-DV) Hold time of data in valid after write strobe high, write cycle 
Hold time of HWRITE/HREAD high or HFSO, 


7 t : 
h(SH-FV) HFS1 valid after read or write strobe high 


| 80) 
| 10 
titre t6a8 Hold time of data high impedance after read strobel, poo 
read cycle (see Note 10) 
Delay from read strobe low to data out valid, 
'd(RSL-DV) read cycle with no wait p80 
10 th(RSH-DV) Hold time of data out valid after read strobeT, read cycle | 6. 4 
ae 
aa sz 
Le ee 
a 
aa 


11 : Delay from read strobe high to data out high impedance, 
d(RSH-DZ) read cycle (see Note 10) 


18 P Hold time of write strobe low after HRDYT, 
h(RYH-WSL) Write cycle with wait 


1? td(RYH-DV) Delay from HRDY? to data out valid, read cycle with wait O 


18 , Hold time of read strobe low after HRDYT, aa 
J n 
h(RYH-RSL) read cycle with wait 


NOTES: 8. Parameter 14 has been intentionally omitted but remains in the timing diagrams for designer's reference. This parameter, tw(RYL), 
is a function of local bus memory contention and can be arbitrarily wide depending on when the SMJ34010 completes its 
internal operations. Refer to the 7M@S34010 User’s Guide for more details (Section 10: Host Interface Bus, Subsection 10.3.2). 
9. Parameter 15 has been intentionally omitted but remains in the timing diagrams for designer's reference. This parameter, 
td(RYL-RYH): indicates that a low-going pulse on HRDY can be arbitrarily narrow —the theoretical minimum would be O ns. 
This parameter is dependent on the internal synchronization of the falling edge of HCS with respect to local bus activity. Refer 

to the TMS34010 User’s Guide for more details (Chapter 10: Host Interface Bus, Section 10.3.2). 

10. These values are derived from characterization and are not tested. 


O 
0 | ns | 


2 
13 
14 
15 


, 
1 
4 


aks) 
ns 
Ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
Ns 
ns 
ns 

Ss 


0 
0) 
3 
4 
0) 
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general comments on host interface timing 


The following general comments apply to host interface timing: 


1. The HRDY signal is enabled by an active-low level on the HCS input. When HCS is inactive-high, 
HRDY is forced high regardless of the internal state of the device. Low-going transient pulses on 
HCS may result in low-going transient pulses on HRDY, but otherwise have no effect unless 
accompanied by active levels on other control signals. 


2. A host interface write cycle occurs when HCS, HWRITE, and HLDS are low, or when HCS, 
HWRITE, and HUDS are low. The combination of these signals defines a write strobe. In either case, 
the last of the three signals to make the high-to-low transition is the strobe (write strobe) that begins 
the cycle. The first of the three signals to make the low-to-high transition ends the cycle. Similarly, 
a host interface read cycle occurs when HCS, HREAD, and HLDS are low, or when HCS, HREAD, 
and HUDS are low. The combination of these signals defines a read strobe. In either case, the last 
of the three signals to make the high-to-low transition is the strobe (read strobe) that begins the 
cycle. The first of the three signals to make the low-to-high transition ends the cycle. All access 
times are specified with respect to the strobing edges that begin and end the cycle. 


3. During a host interface read or write, HWRITE and HREAD must not be active-low simultaneously. 


4. Host interface input signals HCS, HUDS, HLDS, HFSO, HFS1, HREAD, and HWRITE are assumed 
to be asynchronous with respect to the output clocks LCLK1 and LCLK2. 


host interface timing: write cycle with no wait 


XX 
HFSO, HFS1 (YX) 


x», \/ XXX xx) 
COE 


EE 


ia 
HREAD 7, | l \ 
> 
HCS, HWRITE 
HLDS, HUDS 
HD0-HD16 XKRKXXXORKY) 
HRDY 
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host interface timing: read cycle with no wait 


XXX x) cx \/ XXX XK KX 
0.0081 BD CER 


— jie 


HCS, HREAD, ; 
HLDS, HUDS l — .——h 
7 — ee <1 1 
<—e-9 be— 10 —}}— 
# 8 
HDO-HD15 HI-Z VALID DATA OUT 
HRDY 


host interface timing: write cycle with wait 


¥ xX) CX XX X x) 
nso, HES QO vat uncrion seuecr 
| 
<——e}- 1 - = 
HREAD | 7 | 
—_ ee 7 >| 


| ——— }-—a>l— 6 


jah — 2 


HDO-HD15 QO YY WARIG BATE AN QQ 
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host interface timing: read cycle with wait 


HFSO, HFS1 VALID FUNCTION SELECT 
(NA 


HRDY 


HDO-HD15 
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reset timing 


The timing parameters for device reset are shown in the next two figures. The purpose of these figures 
is to quantify the timing relationships among the RESET, HCS, and LCLK1 signals. RESET and HCS are 
asynchronous inputs that are internally synchronized by latches internal to the SMJ34010. The timing 
relationships specified for these signals relative to LCLK1 need be met only to guarantee recognition of 
a transition of one of these signals at a particular clock edge. The explanation of the logical relationships 
among signals will be found in the 7WS340170 User’s Guide. 


Quarter clock time tg which appears in the following table, is one quarter of a local output clock period, 
or twice the input clock period, tc¢(|CK). 


ee 0-40 
PARAMETER Basar 0-50 


Duration of HCS low to configure GSP to run 


4t0 +55 
w(CSL) in self-bootstrap mode . 


; Setup time of HCS low to RESET? to configure Bt 55 
: + 
su(CSL-REH) the GSP to run in self-bootstrap mode Q 
Duration of RESET low to ensure that GSP 
tw(REL) : 160tq — 40 
is properly reset 


Delay from HCST to RESET high, end of reset, 
td(CSH-REH) 4tg — 50 
to configure GSP to run in self-bootstrap mode (see Note 11) 


Setup time of RESET valid to LCLK11! to 


t x 
su(REV-CKIL) Guarantee recognition at a particular clock edge (see Note 12) 


; Hold time of RESET valid after LCLK1 low to 
MICE TEREv] guarantee recognition at a particular clock edge (see Note 12) 
Setup time of HCS valid to LCLK11! to aac 


t 5 
su(CSV-CK1L) guarantee recognition at a particular clock edge (see Note 12) 


Hold time of HCS valid after LCLK1 low to 


th(CK1L-CSV) _ 
guarantee recognition at a particular clock edge (see Note 12) 


NOTES: 11. Parameter 22 is the maximum amount by which the RESET low-to-high transition can be delayed after the HCS low-to-high 
transition and still guarantee that the GSP is configured to run in self-bootstrap mode (HLT bit =O) following the end of reset. 
HCS may be held low for some time past the low-to-high RESET transition, and will be ignored by the GSP for 17 local clock 
periods following the clock edge at which the low-to-high RESET transition is detected. Following completion of the eight 
RAS-only cycles that automatically follow reset, however, a low HCS level will be interpreted as a chip select. 
12. RESET and HCS are asynchronous inputs. The specified setup and hold times of these signals with respect to the high-to-low 
transition of LCLK1 need be met only to guarantee that a transition of RESET or HCS is detected by the device at a particular 
clock edge. 


reset: asynchronous timing relationships 
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reset: synchronous timing relationships 


RESET (Note 12) VALID 
| 
l po——ee}—- 26 


NOTE 12. RESET and HCS are asynchronous inputs. The specified setup and hold times of these signals with respect to the high-to-low 
transition of LCLK1 need be met only to guarantee that transition of RESET or HCS is detected by the device at a particular 
clock edge. 


i 


local bus timing parameters 


The following six figures show the timing parameters for the signals of the local memory interface bus, 
often simply referred to as the local bus. The purpose of these figures and the accompanying tables is 
to quantify the timing relationships among the various signals. The explanation of the logical relationships 
among signals will be found in the 7WS34070 User’s Guide (number SPVUOOT1A). 


A number of parameter values are expressed in terms of quarter clock time tg, which is one quarter of 
a local clock period, or twice the input clock period, tc(|CK). 


Input clock INCLK is divided internally by 8 to produce output clocks LCLK1 and LCLK2. Transitions of 
the other local interface output signals are also generated as delays from INCLK transitions. The divide- 
down logic that converts INCLK to the internal clocks used to generate LCLK1 and LCLK2 introduces 
significant propagation delays from the transitions of INCLK to the corresponding transitions of LCLK1 
and LCLK2. While the frequency of INCLK is precisely eight times the frequency of LCLK1 or LCLK2, no 
timing relationship other than the frequency is specified between transitions of input clock INCLK and 


transitions of the output clocks LCLK1 and LCLK2. 


PARAMETER 
MIN TYP MAX MIN TYP MAX 


27 te(ICK) Period of INCLK 20 62.5 20 : 
28 tw(ICKH) Pulse duration of INCLK high (see Note 14) ae 


tw(ICKL) Pulse duration of INCLK low (see Note 14) 
Transition time (rise and fall) of INCLK 


t 
t(ICK) (see Notes 6 and 13) 


NOTES: 6. All typical values are at Vcc = 5 V, Ta = 25°C. 
13. These values are based on computer simulation and are not tested. 
14. This pulse width is tested at 1.4 V. 


local bus timing: input clock 


_ ss ee | 
ae - 30 = 30——] a 
| 
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local bus timing parameters (continued) 


Quarter clock time tg, which appears in the following table, is one quarter of a local output clock period, 
or 2tc(ICK)- 


SMJ34010-4 
PARAMETER : eee UNIT 
MIN TYP MAX MIN TYP MAX 


34 ‘ Period of local clocks LCLK1 and LCLK2 - ae 
c(CK) (see Notes 6 and 15) c(ICK) c(ICK) ns 


32 Zig 10 m8 
tq 10 : 
38 | thiCK1H-CK2H) Hold time of LCLK2 high after LCLK1 high] 3tq-10 S 
39 | thiCK1L-CK2L) Hold time of LCLK2 low after LCLK1 low 3tg — 10 S 
40 3iq 10 


on 


GW} GW] w 
Bh 


Wy} & 
(o>) 


Setup time of LRDY valid to LCLK2?t 

bi *su(LRV-CK2H) (see Note 16) ad = 

AG ; Hold time of LRDY valid after LCLK2 

h(CK2H-LRV) high (see Note 16) 

Setup time of row address valid 

47 | tsu(RAV-CK1L) oo icLKs tq- 25 tq-15 
Setup time of column address valid 

48 | tsu(CAV-CK1H) 4, iciKit tq- 25 tq-15 


49 tsu(ALH-CK1L) Setup time of LAL high to LCLK11 Zt 20 Zt — 10 


NOTES: 6. All typical values are at Vcc = 5 V, Ta = 25°C. 
15. Parameter 31 is a functional derivative of the input clock and is not tested. This parameter can also be specified as 4to. 
16. LRDY is a synchronous input sampled during the low-to-high transition of LCLK2. The specified setup and hold times must 
be met for the device to operate properly. 


Setup time of column address valid 
44 | tsu(CAV-CK2H) 40 iciKat 
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local bus timing: output clock and LRDY signal 


Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 


LCLK1 l 


| 


LCLK2 | | | | 
| l ¥ 


| | | 
LADO- | 
| ly 
| anti. Ke 46 


LRDY | K va X VALID ! 


oe rr a 
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local bus timing parameters (continued) 


Quarter clock time tq, which appears in the following table, is one quarter of a local output clock period, 
Or 2tc(ICK)- 


SMJ340 10-40 SMJ340 10-50 
MIN TYP MAX MIN TYP MAX 


PARAMETER UNIT 


Delay from RAS! to RAS|J 


50 t 7 8t 
d(RL-RL) (see Notes 6 and 17) O 


= 
O 


51 tsu(RAV-RL) | Setup time of row address valid to RAS! tq -— 20 to— 15 


=| 
n 


Holt time of row address valid after 
52 | thi(RL-RAV) BAS Jow tq— 20 


tw(RH) Pulse duration, RAS high stg — 20 
tw(RL) Pulse duration, RAS low Stg — 20 


Setup time of column address valid 
55 | tsu(CAV-ALL) 4, Lary 0.5tq — 20 


to 10 


53 3tq-10 
54 5tq — 10 


0.5tq - 10 


=| 
n 


Hold time of column address valid 
after LAL low 


th(ALH-RH) Hold time of RAS high after LAL high 2tG. — 20 
th(RL-ALL) Hold time of LAL low after RAS low 6tq — 20 


0.5tq-15 0.5tq- 10 


=; 
n 


56 | th(ALL-CAV) 


2ty= 10 
6tq- 10 


PD 
” 


=| 
n 


57 
58 
a 


n 172) 


thiCL-RL) Hold time of RAS low after CAS low 3tq — 20 3tq — 10 ns 
Hold time of W high after RAS high, 
t : 2taq — 20 2tq — 10 
p60 ewer shift register transfer follows read Q Q 
Setup time of column address valid 
61 | tsu(CAV-CL) ,, ExS, tq- 20 tq- 10 ns 
th(CL-ALL) Hold time of LAL low after CAS low 4tg- 20 4tq- 10 ns 
Hold time of LAL low after CAS high, 
63 th(CH-ALL) wile eects 0.5t9 - 15 0.5tg - 10 ns 


th(ALL-CH) Hold time of CAS high after LAL low U.5tg ~ 15 
th(CH-RH) Hold time of RAS high after CAS high 2.5t9~ 15 


G.5tq— 10 
2.5tg— 10 
3.5tq - 10 
Zt) = 10 


twiCL) Pulse duration, CAS low 3.5tq - 25 
th(RL-CH) Hold time of CAS high after RAS low 2tg — 20 
td(RL-CL) Delay time from RAS low to CAS low 2tg + 20 


Hold time of W high after CAS high, 
shift register transfer follows read 


64 
65 
67 


ns 


a 
n 


n n n n 


2tq+ 10 


J 
n 


1.5tg— 15 1.5tq - 10 


th(CH-WH) 


5, 5tq — 10 
4.5tq-10 


~S 
2) 
=| 
7 


th(RL-CL) Hold time of CAS low after RAS low 


§.5tq— 25 
71 twi(CH) Pulse duration, CAS high 4.5tq-15 


” ” 


Hold time of LAL low after W high, 
72 th(WH-ALL) ait date 0.5tq-15 0.5tg - 10 
Setup time of W high to CAS\, 
tsu(WH-CL) Sik ah anit 4.5tq-15 4.5tq- 10 


NOTES: 6. All typical values are at Vcc = 5 V, Ta = °C. 
17. This is a functional parameter and is not tested. 
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local bus timing parameters (continued) 


Quarter clock time tq, which appears in the following table, is one quarter of a local output clock period, 
or 2tc(ICK). 


co PARAMETER 
; Setup time of W low to RAS, shift , 20 t 10 
7 _ ns 
su(WL-RL) register transfer cycle 7 : 
am |e Hold time of W low after RAS low, shift in — 26 to -—10 
7 _ ns 
h(RL-WL) register transfer cycle ° : 
oe by Setup time of TR/OE low to RASI, shift ta -20 tq- 10 
7 _ ns 
su(TRL-RL) register transfer cycle 7 : 


SMJ340 10-40 SMJ340 10-50 


TYP MAX MIN TYP MAX 


shift register transfer cycle 

shift register transfer cycle 
Setup time of TR/OE high to RAST, shift 
su(TRH-RH) register transfer cycle a 20 Q-10 
on See 


NOTE 18: Parameters 81 and 82 intentionally omitted. 


local bus timing parameters: shift register transfer cycle 


LADO- ROW 


Pe) 
= 
” 


=| 


79 $m 
| | | 
: ie —s0— 
76 $s} 77 ———_ | 
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local bus timing parameters (continued) 


Quarter clock time tg, which appears in the following table, is one quarter of a local output clock period, 
or 2tc(ICK)- 


PARAMETER SMJ34010-40 SMJ34010-50 UNIT 
Twn Max [MIN MAX 


Access time from RAS low to data 
83 t : 5.5to — 40 5.5to —25 ns 
a(RL-DV) in valid, read cycle (see Note 19) Qa Q 


84 | tsy(CH-ALH) Setup time of CAS high to LALT 0.5tq-15 0.5tq-10 
85 | tsu(ENH-ALH) Setup time of DEN high to LALT 0.5tq-15 0.5tq- 10 


Access time from CAS low to data 
t 3 3.5taq —40 3.5tq -— 25 
a(CL-DV) in valid, read cycle (see Note 18) _ 
Hold time of data in valid after CAST, 
oF *h(CH-DV) read cycle 
88 , Hold time of row address high impedance after 15t 10 15t 10 
g ial ; ~ ; ~ ns 
h(CH-RAZ) EAS high, end of read cycle (see Note 10) Q a 
Hold time of TR/QE low afrer CAS low, 
thi(CL-QEL) et auele 3.5tg — 25 3.5t¢ — 10 ns 
, Setup time of column address high impedance : 10 , 10 
su(CAZ-QEL) 1, TR/GEL, read cycle (see Note 10) 2 2 
Hold time of data in valid after TR/QET, 
91 | th(QEH-DV) ong evele 
Delay time from CAS! to TR/QE low, 
72 | THICL-OEL) ad aye tq +20 tq+10 
93 , Access time from TR/QE low to data 2 5t 40 2 5t 25 
a(QEL-DV) in valid, read cycle (see Note 19) — 0 
94 ‘ Hold time of row adress high impedance after 15t 10 15t 10 
h(QEH-RAZ)  +R/GE high, end of read cycle (see Note 10) = in, 
Delay time from CAS low to DEN low, 
td(CL-ENL) ead evele tq +20 iq +10 
Hold time of data in valid after DENT, 
97 | thiENH-DV) gag evete 
EZ So ee 


a 
n 


© 
ol 
+ 
= 
O 
Mm 
Ee 
a) 
= 
n 
oO 
Q 
Cc 
— 
® 
=. 
12) 
2 
a 
PS) 
es 
ml 
m 
roy 
2 
ene | 
@ 
® 
Q 
ie) 
< 
QO 
4) 
ig 
ol 
ct 
O 
| 
No 
oO 
a 
on 
land 
O 
| 
=" 
ie} 
=] 
” 


=| cS 
n n 


=] 
n 


3 
n 


Setup time of column address high impedance 


=) 
n 


*su(CAZ-ENL) to DEN!, read cycle (see Note 10) x 
ere Hold id of next row address high impedance 1 en 10t 
after DEN high, end of read cycle (see Note 10) 
100.) tegen cov Access time from DEN low to data in valid, 2.5tq™- 25 am 
read cycle (see Note 19) 
101 | tmennopyy ld time of ODOUT high after DEN high, —— 
read follows write cycle 


102 | tsu(DDL-ENL) Setup time of DDOUT low to DENI, read cycle 


NOTES: 10. These values are derived from characterization and are not tested. 
19. 44q is added to these values for each wait state inserted. 


a] 
n 


=] 
n 


=) 
n 
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local bus timing: read cycle 


| Q1 | Q2 | Q3 | Q4 | Qj | Q2 | Q3 | Q4 | 21 | Q2 | 


LADO- 
COL | DATA 
LAD15 i, : ROW 


P 2) 
= 
N 


—e| a 90 | | bets {| 
a a ! 31 7 
| <+-— 93 wl 
ot | : Mey 94 
| in m7 rp EG 
| | 
| l | 
TR/QE oI | : ! | 
Ly _ o 
a | | 
7 |  -~<—— 100 —— sia he— | | 
96 | P99} 
9g! ke. he 97 0 
HW : 
se | \ /| 
}<-————— 101 ———_——_» | | 
$v! 102 103 a 
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local bus timing parameters (continued) 


Quarter clock time tq, which appears in the following table, is one quarter of a local output clock period, 
or 2tc(ICK):- 


SMJ34010-40 SMJ34010-50 
PARAMETER "MIN. MAX | MIN MAX _ UNIT 


Hold time of DDOUT low after DEN high, 
103 th(ENH-DDL) saad ceocte 1.5tq-15 1.5tgq- 10 ns 


104 | tsu(DV-WL) Setup time of data out valid to W1, write cycle | tq—20 fta-15 Tots 
4tg — 20 


. Hold time of data out valid after W low, 
108 | th(WL-DV) write cycle 


106 | tsu(WL-RH) Setup time of W low to RAST, write cycle 2tq — 20 2tq- 10 


Hold time of data out valid after RAS low, 
107 | th(RL-DV) wih auels 7Ttqg—20 7tq-—10 
Hold time of data out valid after CAS high, 
108 | th(CH-DV) wierd 1.5tq— 15 1.5tq — 10 ns 


109 | tsuwe-cH) Setup time of W low to CAST, write cycle 2.5tq - 25 2.5tq- 10 


Hold time of data out valid after CAS low, 

110 | thiCL-DV) ere 5tq — 20 5tq — 10 ns 
Hold time of data out valid after W high, 

111 | th(WH-DV) sift dares 1.5tg — 15 1.5tg— 10 


112 | twiwt) Pulse duration, W low 2.5tq - 25 2.5tq— 10 | ons | 
113 | thicL-wL) _Hold time of W low after CAS low, write cycle | 3.5tq— 25 3.5tq — 10 Fons 


Setup time of column address valid to WT, 
114 | tsu(CAV-WH) eiieede 4.5tg — 30 4.5tq-15 


115 | thiRL-wL) _ Hold time of W low after RAS low, write cycle | 5.5tq— 25 5.5tq — 10 


Setup time of row address valid to Wt, 
116 | tsu(RAV-WH) ite duals 6.5tG = 35 6.5tg = 15 ns 


118 | thi(WH-ENL) Hold time of DEN low after W high, write cycle | 1.5tq— 15 1,5t¢)- 10 


iia |% Setup time of DDOUT high to DENL, ze 20 4s 10 
su(DDH-ENL) write follows read Q Q 
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local bus timing: write cycle 
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| 
| 
| 
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local bus timing parameters (continued) 


Quarter clock time tg, which appears in the following table, is one quarter of a local output clock period, 
or 2tc(ICK)- 


SMJ34010-40 SMJ34010-50 
sacar | SMu34010-40_ 
MIN TYP MAX MIN TYP MAX 
Setup time of HOLD valid to LCLK2T 
tsu(HRV-CK 2H) (see Note 20) 
Hold time of HOLD valid after LCLK2 high 
*h(CK2H-HRV) (see Note 20) 
Setup time of HLDA/EMUA output valid 
tsu(HKV-CK2L) | otore LCLK2L tq— 20 
Hold time of HLDA/EMUA low, 
123 | thICK2L-HKL) otter LCLK low ave 


t 
124 |t Delay from LCLK2 high to LAD pins high 
d(CK2H-D2) impedance, bus release (see Notes 13 and 6) 
t 


120 
121 
122 


125 | tsu(RH-CK1H) Setup time of RAS high to LCLK1T tq—20 


i eee Delay from LCLK2 high to RAS high 
impedance, bus release (see Note 10) 
bern Hold time of LAL driven high after LCLK11, Se 
bus release (see Note 10) 
| ee Delay time from LCLK1 low to LAL high - 
impedance, bus release (see Note 10) 
131 — aiiip time of CAS, W, and TR/QE 
high to LCLK1] 
132 | thiCK1H-CH) after LCLK1 high, bus release (see Note 10) ta—10 
133 | tacxonez) eaY ™ LCLK2 high to CAS, W, and TR/QE i 
high impedance, bus release (see Note 10) 
NOTES: 6. All typical values are at Vcc = 5 V, Ta = 25°C. 
10. These values are derived from characterization and are not tested. 
Ks These values are based on computer sumulation and are not tested. 


20. HOLD is a synchronous input sampled during the low-to-high transition of LCLK2. The specified setup and hold times must 
be met for the device to operate properly. 


~ 
= 


Hold time of CAS, W, and TR/QE high 


Q 

126 |¢ Hold time of RAS driven high after LCLK1 10 
h(CK1H-RH) high, bus release (see Note 10) Q 
Q 
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local bus timing parameters (continued) 


Quarter clock time tg, which appears in the following table, is one quarter of a local output clock period, 
or 2tc(ICK)- 


PARAMETER 


Hold time of DEN and DDOUT high after 
LCLK11, bus release (see Note 10) 

Delay from LCLK1 low to DEN and DDOUT 
high impedance, bus release (see Note 10) 
Hold time of LAD bus high impedance 
after LCLK2T (see Note 10) 


th(CK2H-ENH) 


td(CK1L-ENZ) 


th(CK2H-DZ) 


Hold time of RAS, CAS, W, LAL, and TR/QE 
high impedance after LCLK1T (see Note 10) 
Delay from LCLK1 high to RAS, CAS, W, LAL, 
and TR/QE driven high, resume bus control 


Hold time of RAS high after LCLK2 high, 
resumes bus control 


th(CK2H-RZ) 
td(CK 1H-RH) 


140 | th(CK2H-RH) 


Hold time of CAS, W, and TR/QE high 
th(CK2H-CH) after LCLK2 high, resumes bus control 
(see Notes 6 and Note 13) 


NOTES: 6. All typical values are at Vcc = 5 V, Ta = 25°C. 
10. These values are derived from characterization and are not tested. 
13. These values are based on computer sumulation and are not tested. 
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GSP releases control of local bus 
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GSP resumes control of local bus 


| 
| 
—~ e121 | | | 
HOLD I | iI 
| | | 
122 ++ | , | I | 
| el ep i23 || 
ees ‘ : a x | | | | 
HLDA/EMUA | | [| 
L | | | 
| jy) 137 
| | ly : 
LADO-LAD15 ———_—_—_—_———+HI-Z It | : 
138—e! pe | | 
me I | | p10 
| 
| | | 
RAS HI-Z : | | | 
l 142 — | << 
, 7 ail | 143 
= ee 2 Oe! ee 
DEN, DDOUT HI-Z 
138 —= | 
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local bus timing parameters (continued) 


Quarter clock time tq, which appears in the following table, is one quarter of a local output clock period, 
or 2tc(ICK)- 


SMJ34010-40 SMJ340 10-50 
PARAMETER 
, Hold time of DEN, DDOUT high impedance after 5 5 
h(CK2H-ENZ) | cLK2 high, resumes bus control (see Note 10) 
; Delay from LCLK2 high to DEN, and DDOUT 30 30 
d(CK2H-ENH) driven high, resumes bus control 
aia Setup time of row address valid to RAS}, om 25 t 15 
su(RAV-RL) CAS-before-RAS refresh ° i: 
sax ls Hold time of row address valid after RAS low tn 20 tr —10 
H(RL-RAV) —_ CAS-before-RAS refresh : ° 
Pulse duration, RAS high, start of 
146 | t ie at 4tq - 20 4tq- 10 
w(RH) CAS-before-RAS refresh * 
Pulse duration, RAS low, CAS-before-RAS 
von ‘w(RL) refresh sins lan 
nae Vs Setup time of row address valid to LAL, tn —20 t 15 
su(RAV-ALL) CAS-before-RAS refresh " . 
ian be Hold time of row address valid after LAL low, Ita — 20 ot 10 
H(ALL-RAV) GAS-before-RAS refresh ° . 
vn: Le Hold time of RAS high after LAL low, ‘ 20 ta -—10 
M(ALL-RH) — CAS-before-RAS refresh ° ° 
Setup time of RAS high to LALT, 
151 | t : iat abel tq - 20 tq- 10 
su(RH-ALH) — CAS-before-RAS refresh 
Setup time of LAL high to CASI, 
152 |t , moc aad tq - 20 tq—10 
su(ALH-CL) GAS-_before-RAS refresh 


UNIT 


=| 
n” 


142 
43 


1 


=) 
” 


=) 
n 


1/7) 


er Setup time of CAS low to LAL, tr ~ 20 tq-10 
su(CL-ALL) — EAS-before-RAS refresh ° : 
Setup time of RAS high to CAS}, pzq-10 
i . 2tr —20 2to — 10 
su(RH-CL) CAS-before-RAS refresh 7 
Setup time of CAS low to RAST, pao 
nae a Setu at ae 2tg — 20 2tg — 10 
su(CL-RL) = © AS-before-RAS refresh ° 
ms 3 Hold time of CAS low after RAS low, 4.5tq —25 4.5tq-10 
h(RL-CL) CAS-before-RAS refresh — _ 


Pulse duration, CAS low, CAS-before-RA 


n” 


157 nena 
CAS-before-RAS refresh 


Setup time of CAS high to RAS|. 
158 it i enees ae 3.5tq -—15 3.5tgo — 10 


NOTE 10: These values are derived from characterization and are not tested. 
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CAS-before-RAS DRAM refresh cycle timing 
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local bus timing parameters (continued) 


Quarter clock time tq, which appears in the following table, is one quarter of a local output clock period, 


or 2tc(ICK). 
SMJ34010-40 SMJ34010-50 
PARAMETER [MIN MAX | MIN MAX | UNIT 
Hold time of RAS high after LCLK2 high, 
t= 15 tg = 10 ns 


th(CK2H-RH) all cycles except internal and 
CAS-before-RAS refresh 


: Setup time of RAS low to LCLK2J, all cycles 20 10 
su(RL-CK2L) except internal and CAS-before-RAS refresh 


t 
Hold time of RAS high after LCLK1 low, 
161 |t ; — tq- 20 tq- 10 
h(CK1L-RH) CAS-before-RAS, refresh QS ° 
sais Setup time of RAS low to LCLK1T, to — 20 to —10 
su(RL-CK1H) CAS _before-RAS refresh 7 
t 


ta Q 
Q 
Q 
Q Q 
ta 
se | 4 Hold time of LAL high after LCLK2 low, 0.5t 15 0.5t 10 
h(CK2L-ALH) all cycles except internal tes tha 
se. | Setup time of LAL low to LCLK1T, 0.5t 15 0.5t 10 
su(ALL-CK1H) 31) cycles except internal = —_— 
ag Hold time of LAL low after LCLK2 low, ‘ 15 t 10 
h(CK2L-ALL) all cycles except internal “ . 
Q 
tg Q 
Q 
Q Q 
Q 
Q 


see 4 Hold time of RAS low after LCLK1 low, 15 tq —10 
| =a _ n 
h(CK1L-RL) ali cycles except internal 
 F Setup time of LAL high after LCLK2T, tr — 20 tq -—10 
su(ALH-CK2H) 4), cycles except internal a 
t 


Ss 
Ss 
vee |e Setup time of RAS high to LCLK1T, ‘ 20 10 
y ~ ns 
su(RH-CK 1H) all cycles except internal a 
Ss 


t 
1a | ¢ Hold time of CAS high after LCLK2T, 15 10 
h(CK1H-CH) CAS-before-RAS refresh 
Setup time of CAS low to LCLK1, 
170 | t : meee tq — 20 —10 
Hold time of CAS high after LCLK2 low, 
171 | th(CK2L-CH) all cycles except internal DRAM refresh and tg 15 tq-10 
CAS-before-RAS refresh 
Setup time of CAS low to LCLK2T, 
172 | tsu(CL-CK2H) all cycles except internal DRAM refresh and to = 20 to-— 10 n 
CAS-before-RAS refresh 
Hold time of CAS low after LCLK2 low, all 
173 | t 0.5tq-—15 0.5tq-— 10 
h{CK2L-CL) cycles except internal and DRAM refresh a is 
Setup time of CAS high to LCLK1T, ail 
174 | t 3 0.5tq -—15 0.5tq—10 
su(CH-CK1H) cycles except internal and DRAM refresh Q 
sae Is Hold time of W high after LCLK1 high, fy 46 aT, 
HICKTH-WHITR  cnitt register transfer Q 
ee Setup time of W low to LCLK11, ; 20 , 10 
su(WL-CK1L)TR shift register transfer Q a 
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local bus timing parameters (concluded) 


Quarter clock time tg, which appears in the following table, is one quarter of a local output clock period, 
or 2tc(ICK)- 


SMJ34010-4 : 
PARAMETER 010-40 SMJ34010-50 


Hold time of W low after LCLK1 low, 


t 
H(CKIL-WL) shite register transfer 


sa I Setup time of W high to LCLK1T, —" ‘0 
Su(WH-CK1H)  cnitt register transfer 


Q 

179 | thick1H-WH) Hold time of W high after LCLK1 high, write tq -10 
Q t 
Q 


UNIT 


177 = 15 =10 


6 


A 


_— 
1.0) 


fale, Vari : 
0 = 10 

0.5tq- 10 

2 0.5tq - 10 

183 | tcxaLrany old time of TR/QE high after LCLK1 high 

shift register transfer 

ek Ce Setup time of TR/GE low to LCLK1J, 

shift register transfer 

— 


—_= 
ee) 


19 


t 
t 


—10 


15 | tcxontey “old time of TR/OE low after LCLK2 high, 
shift register transfer 

ie enraenew Setup time of TR/QE high to LCLK21, ; 
shift register transfer 

187 | tcetueogry Old time of TR/GE high — 
after (LCLK1) high, read 

88 | tsuiQEL-CK1L) Setup time of TR/GE low to LCLK11J, read tq-10 

189 | tyckotor.) old time of TRICE tow ar 
after LCLK2 low, read 


Q 
Q 
Qo-10 
Q 
Q 


~ FO 


aa 
= 
n 


— jf 2d | —d | —2 
oO1Ol1oO;o 
Nh 


| 
” 


=10 


Ww 


ae ) 
= =e 
4 Pteuten.ckr1y Setup time of DEW high to LCLK1L, wite | tg=20 


| 


=~ 1) 


i 


197 | th(CK2L-ENL) Hold time of DEN low after LCLK2 low, read | 0.5tq-—15 0.5tg- 10 
198 | tsu(ENH-CK1H) Setup time of DEN high to LCLK1T, read 0.5tq-—15 0.5tq-—10 


199 ; Hold time of DDOUT high ‘ 15 
h(CK2L-DDH) after LCLK2 low, read 
t 


ta 
tsu(ENL-CK1L) Setup time of DEN low to LCLK1J, read ~10 
ta 


—10 


= | 
n 


200 | tsu(DDL-CK2H) Setup time of DDOUT low to LCLK2?, read tq-—10 

201 ‘ Hold time of DDOUT low 15 10 
h(CK1H-DDL) otter LCLK1 high, read 

202 | tsu(DDH-CK1L) Setup time of DDOUT high after LCLK11, read —10 


ane. bs Hold time of LAL high after LCLK2 high, ‘ 15 10 
h(CK2H-ALH) CAS-before-RAS refresh a 

eeu 14 Setup time of LAL low to LCLK21, ‘ 20 
su(ALL-CK2L) CAS-before-RAS refresh a 


Q 
Q 

thi(CK1H-ENH) Hold time of DEN high after LCLK1 high, read “10 
Q 
Q 


10 
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local bus timing: relationship of control signals to clocks 


| ar | a2 | as | as | or | a2 | a3 | o@ | a | a | 
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| ce Ta meeti7g ilu et agg | | by 182 | 


ae ae) | 
| 190 
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| 
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video interface timing parameters 


The timing parameters for SMJ34010 video interface signals are shown in the next three tables and 
diagrams. The video interface includes the following SMJ34010 pins: VCLK (video input clock), BLANK 
(blanking), HSYNC (horizontal sync, bidirectional), and VSYNC (vertical sync, bidirectional). HSYNC and 
VSYNC are inputs if external sync mode is enabled; otherwise they are outputs. 


video input clock timing parameters 


SMJ34010-50 
TYP 


208 ‘ Transition time (rise and fall) of VCLK 
t(VCK) (see Note 6 and Note 21) 


NOTES: 6. All typical values are at Vcc = 5 V, Ta = 25°C. 
21. This value is determined through computer simulation and is not tested. 


video input clock timing 


[A 2p 
206 i — 207 a | 208—e1 be 208 mj be 
| 


PARAMETER 


209 | + Delay from VCLK low to HSYNC, 
d(VCKL-HSL) 5YNG, or BLANK low 


210 |t Delay from VCLK low to HSYNC, 
d(VCKL-HSH) SYNC, or BLANK high 


ie. ba Hold time of HSYNC, 
h(VCKL-HSH) SYNC, or BLANK high after VCLK1 


o12 |t Hold time of HSYNC, 
h(VCKL-HSL) VWSYNC, or BLANK low after VCLKL 


video output timing 


SMJ34010-40 ~ §MJ34010-50 
MIN TYP MIN 


| TYP 


HSYNC, 
VSYNC 
(OUTPUTS) 
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video interface timing: external sync inputs 


SMJ34010-40 SMJ34010-50 
PARAMETER MIN MAX UNIT 


| MIN MAX | 
valid to VCLKT (see Note 22) 
weowan ee, [p= |= 
valid after VCLK high (see Note 22) 
Setup time of HSYNC, VSYNC 


NOTE 22: Specified setup and hold times on asynchronous inputs are required only to guarantee recognition at indicated clock edge. 


A B 6 Cc D 
| ( | 


| | 
--—— 214 ——» | j— 215—} 


HSYNC, | e— 213— po—§ 214» | 
VSYNC | | 
(INPUTS) a ee 
NOTE 23 NOTE 24 


NOTES: 23. If the falling edge of the sync signal occurs more than th(Sv-VCH) Past VCLK edge A, and at least tsy(Sv-VCH) before edge 
B, transition will be detected at edge B instead of edge A. 
24. If the rising edge of the sync signal occurs more than th(syv-VCH) past VCLK edge C, and at least tsy(Sv-VCH) before edge 
D, the transition will be detected at edge D instead of edge C. 
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SEPTEMBER 1989 


° Instruction Cycle Time: 145 ae 
—100 ns .. . SMJ34020-40 
—125 ns... SMJ34020-32 123 45 6 7 8 910 11121314 15 


°* Fully Programmable 32-Bit 
General-Purpose Processor with 
512-Megabyte Linear Address Range 
(Bit Addressable) 


* Second-Generation Graphics System 
Processor 
— Object Code Compatible with the 
SMJ34010 
—Enhanced Instruction Set 
— Optimized Graphics Instruction 
—Coprocessor Interface 


Buses rActTtronrmoda > 
@®eooeoeee%eeeees?e¢eeee @ 
@eooeoeeee8ee8 @ @ @ 86 @ 
@eooeoeeeeessegcee?str?e © 8 @ ®@ 
@#eoeoeee#e%e?sestee@¢@86 @ ®@ 
e©eoe3e@egelcehlUCcCOCUcFOFlmhUCcMOmhUCMhPUC(Uh}}OHU HOCUhO hO 
@eeeeoeeee7e7e#ee8ee28e82 @ 


°* Pixel Processing, XY Addressing and 
Window Checking Built Into the 
Instruction Set 


* Programmable 1, 2, 4, 8, 16, or 32-Bit Pixel 
Size with 16 Boolean and 6 Arithmetic Pixel 
Processing Options (Raster-Ops) 


¢ 512-Byte LRU On-Chip Instruction Cache ° Military Temperature Range: 
—55°C to 125°C 
* Optimized DRAM/VRAM Interface 
—Page Mode for Burst Memory Operations ° Flexible Multi-Processor Interface 
up to 40 Megabytes per Second 


—Dynamic Bus Sizing (16-Bit and * Programmable CRT Control 


32-Bit Transfers) 
— Byte Oriented CAS Strobes 


Flexible Host Processor Interface 

—Supports Host Transfers at up to 20 
Megabytes per Second 

—Direct Access to All of the SMJ34020 


Address Space 


—Composite Sync Mode 
—Separate Sync Mode 
— Synchronization to External Sync 


Direct Support for Special Features of 
1M VRAMs 

—Load Write Mask 

—Load Color Mask 

—Block Write 


PRODUCT PREVIEW 


—Implicit Addressing —Write Using the Write Mask 


—Prefetch for Enhanced Read Access 


description 


The SMJ34020 Graphics System Processor (GSP) is the second generation of an advanced, high-performance, 
CMOS 32-bit microprocessor optimized for graphics display systems. With a built-in instruction cache, the ability 
to simultaneously access memory and registers, and an instruction set designed to enhance raster graphics 
operations, the SMJ34020 provides user-programmable control of the CRT interface as well as the memory 
interface (both standard DRAM and multiport video RAM). The 4-gigabit (612-Megabyte) physical address space 
is completely bit-addressable on bit boundaries using variable width data fields (1 to 32 bits). Additional graphics 
addressing modes support 1, 2, 4, 8, 16 and 32-bit wide pixels. 


Copyright © 1989, Texas Instruments Incorporated 
products in the formative or design phase of development. 
Characteristic data and other specifications are design goals. 
Texas Instruments reserves the right to change or discontinue 
these products without notice. 


PRODUCT PREVIEW documents contain information on ; j 
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architecture 


The SMJ34020 is a CMOS 32-bit processor with hardware support for graphics operations such as PixBits (raster 
ops) and curve-drawing algorithms. Also included is a complete set of general-purpose instructions with 
addressing modes tuned to support high-level languages. In addition to its ability to address a large external 
memory range, the SMJ34020 contains 30 general-purpose 32-bit registers, a hardware stack pointer, and a 
512-byte instruction cache. On-chip functions include 64 programmable I/O registers that control CRT timing, 
input/output control, and parameters required by some instructions. The SMJ34020 directly interfaces to 
dynamic RAMs and video RAMs and generates raster control signals. The SMJ34020 may be configured to 
operate as a standalone processor or it may be used as a graphics engine with a host system. The host interface 
provides a generalized communication port for any standard host processor. The SMJ34020 also accommodates 
a multiprocessing or Direct Memory Access (DMA) environments through the request /grant interface protocols. 
Virtual memory systems are supported through bus fault detection and instruction continuation. 


The SMJ34020 provides single-cycle execution of general purpose instructions and most common integer 
arithmetic and Boolean operations from its instruction cache. Additionally, the SMJ34020 incorporates a 
hardware barrel shifter that provides a single-state bidirectional shift and rotate function for 1 to 32 bits. 


The local memory controller is designed to optimize memory access operations. It also supports pipelined 
memory write operations of variable-size fields and allows memory access and instruction execution in parallel. 


The SMJ34020 graphics processing hardware supports pixel and pixel-array processing capabilities for both 
monochrome and color systems at a variety of pixel sizes. The hardware incorporates two-operand and three- 
operand raster operations with Boolean and arithmetic operations, XY addressing, window clipping, window 
checking operations, 1 to n bits per pixel transforms, transparency, and plane masking. The architecture further 
supports operations on single pixels (PIXT instructions) or on two-dimensional arrays of arbitrary size (PixBlts). 


The SMJ34020’s flexible graphics processing capabilities allow software-based graphics algorithms without 
sacrificing performance. These algorithms include: clipping to arbitrary window size, custom incremental curve 
drawing, two-operand raster operations, and masked two-operand raster operations. 


The SMJ34020 provides for extensions to the basic architecture through the Coprocessor Interface. Special 
instructions and cycle timings are included to enhance data flow to coprocessors without requiring the 
coprocessor to decode the instruction stream, generate system addresses, or move data for the coprocessor 
through the SMJ34020. 
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JULY 1987 
@ Generates User-Programmable Control SMJ34061GB . . . 68-PIN PGA 
Signals (Horizontal Sync, Vertical Sync, and CERAMIC PACKAGEt 
Blanking) Which Support a Broad Range of (BOTTOM VIEW) 


Raster-Scan Display Systems with Varying 


Resolutions and Scan Rates (0) (0) (0) (ec) (ce) (0) (0) (c) (2) 
@ Provides Memory Refresh at User (0) ©) (0) (0) (0) (0) (0) (0) (0) © (0) 
Programmable Rates (e) (0) (°) (0) 


@ When Combined with the SMJ4161 VRAM, 
Memory Availability to the Host is Virtually ©) (e) (©) ©) 
Unlimited, Since Display Access and (0) (0) 


Dynamic RAM Refresh Require Less than © C) 
Six Percent of the Memory Bandwidth 


® Directly Drives up to 64 SMJ4161 VRAMs 
or Conventional DRAM Memories with No 
External Buffering 


@ Synchronizes to an External Video Source, 
Which Allows Superimposing of an Image 
upon an Externally Generated Source 


@ Independent Video and System Clocks 
Allow the Video System and the Host 


Processor to Run Asynchronously tTSee Pin Assignments Table (Page 2) and Pin Descriptions for 
location and description of all pins. 


@ Supports Both Interlaced and Noninterlaced 


Displays 

@ Interfaces Easily to a Wide Variety of @ 21 Address Bits Directly Access a 2 
Microprocessors (8, 16, 20, and 32-Bit Data Megaword Address Space with Arbitrary 
Bus Widths) Word Width 

@ Can Be Configured to Support Dot Rates @ Standard and Class B Processing 
from 5 MHz up to 130 MHz, When Used in — SM Prefix . . . Standard Processing 
Conjunction with the SMJ4161 — SMJ Prefix . . . Class B Processing 

@ X-Y Mode Supports Processors with Limited @ Package Type Available: 
Addressing Range and More Efficient — 68 Pin Grid Array (GB) 


Drawing Algorithms 


description 


The high-performance Video System Controller (VSC) has been developed to control the video display and 
main memory subsystems of a bit-mapped graphics system. A monolithic NMOS device, the VSC controls 
the SMJ4161 Multiport Video RAM (VRAM) and 256K Multiport Video RAM, as well as the conventional 
64K and 256K dynamic RAMs. 


Most delays caused by conflicts with display update functions are eliminated by the VSC. The host is 
relieved of system memory control, the video memory refresh, and VRAM internal shift register reload 
for bit-mapped displays. 


Highly programmable, the VSC supports a broad range of raster-scan display systems with various 
resolutions and scan rates. 


Copyright © 1987, Texas Instruments Incorporatea 


PRODUCTION DATA documents contain information 7 
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to specifications per the terms of Texas Instruments TEXAS 

standard warranty. Production processing does not 

necessarily include testing of all parameters. INSTRUM ENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 14-283 


SM/SMJ34061 
VIDEO SYSTEM CONTROLLER 


PIN ASSIGNMENTS (GB PACKAGE) 


FUNCTION PIN FUNCTION PIN FUNCTION 
CA6 
CA7 

RDY/HOLD 
CEL 
SYSCLK 
FSO 
FS2 

DO 
D2 
D4 
D6 


CA8 


VCC 
HOLDACK 
CEH 
ALE 
FS1 
VSS 
D1 
D3 
D5 
D7 


The VSC performs four major functions: 
1) Allows the host virtually unimpeded access to VRAMs, directly (host direct) or indirectly (X-Y). 
2) Automatically generates the DRAM-refresh cycles needed to maintain data stored within the 


DRAMs. 
3) Performs display-update cycles needed to periodically load new video data into the VRAM shift 


registers. 
4) Generates sync and blanking signals necessary for monitor control. 


All VSC inputs and outputs are TTL compatible. The VSC is guaranteed for operation from —55°C to 110°C. 
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typical system block diagram 


CRT CONTROL SIGNALS 
VIDEO 


SYSTEM 
CONTROLLER 


| ADDRESS BU 


HOST 
PROCESSOR 


MULTIPORT 
VIDEO 


SYSTEM 
MEMORY 


-pa2zmnmaHax<m 
~an—- TOM” 
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functional block diagram 


RA8-RAO 


ALE ADDRESS 
MULTIPLEXER 
‘D7-DO:: 
scececears INT 
CA8-CAO =: Qe 
Siero Bs CONTROL AND k= CRT CONTROL 
VIDEO TIMING atotatetetenstetetatctatetsterstctetatetatetatstatatetctatetatstetatetecctetetstetstete LOGIC AND 
REGISTERS SCAN LINE 
COUNTER 
HOLDACK ARBITER 
RDY/HOLD AND VIDCLK 
READY LOGIC 
SYSCLK HSYNC 


MEMORY 


CYCLE 
GENERATOR 
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pin descriptions 


MA8-MAO 


RA8-RAO ¥ 
CA8-CAO 
RS1,RSO 


EH 
EL 
Le 
INT 


7 


Memory Address. These memory address outputs are multiplexed address lines designed to interface directly to 
SMJ4161 VRAMs, as well as conventional DRAMs. MAO is the LSB. 
Row Address. These address inputs are multiplexed to memory address pins MA8-MAO during row address time 


when a host-initiated memory access cycle is executed. For host-initiated shift register-transfer cycles, these inputs 
are multiplexed to MA8-MAO during column address time. RAO is the LSB. 
Column Address. These address inputs are multiplexed to memory address pins MA8-MAO during column address 


time when a host-initiated memory access cycle is executed. For a host-initiated shift register-transfer cycle, these 
inputs are multiplexed to MA8-MAO during row address time. CAO is the LSB. 
Row Address Strobe Selects. During host-direct cycles and shift register-transfer cycles, these signals determine 
which of the four row address strobes, RAS3-RASO, is driven active low. If extended RAS mode is enabled, 


these inputs are ignored. 


Column Address Enable High. An active low from this signal enables CASHI during a host-initiated memory cycle. 


Column Address Enable Low. An active low from this signal enables CASLO during a host-initiated memory access 
cycle. CEL also strobes data into the internal registers during register write cycles and enables register data onto 


D7-DO during register read cycles. 


Address Latch Enable. The high-to-low transition of ALE latches the CS, RA8-RAO, CA8-CAO, RS1-RSO, and 
FS2-FSO inputs and is interpreted by the VSC as a command from the host to initiate the cycle specified by the 


values latched at these inputs. 


R/W Read/Write. During a host initiated memory cycle or internal register access, R/W determines the direction of data 
transfer (high for read, low for write). By appropriately controlling the state of the R/W input, the system is allowed 


to execute the following cycles: read, write, early write, or read-modify-write. 


Interrupt Request. The interrupt-request output indicates that an interrupt condition previously enabled by the host 


—_ 


RDY/HOLD 7 
HOLDACK - 
cs 
begin, CS must be active low. 


FS2-FS0 Function Select. The three-bit function select code input on FS2-FSO indicates the type of cycle requested by the 
host processor. 


processor has occurred. INT will remain active until the host processor initiates a read of the Status Register. 


Data Bus. The host accesses the internal registers of the VSC through this 8-bit bidirectional data bus. Each host- 


accessible register within the VSC must be accessed one byte at a time via D7-DO. DO is the LSB. 


Ready or Hold. The operation and timing of RDY/HOLD is defined by two control bits contained in Control 
Register 2. RDY/HOLD can be configured to operate in ‘’ready,”’ ‘‘wait,’’ or ‘‘hold’’ modes to accommodate various 
host processor interfaces. 


Hold Acknowledge. When the VSC is configured in hold/hold acknowledge mode, the host issues a handshaking 
signal by driving HOLDACK low. The VSC can perform an internally requested cycle (display update or DRAM 
refresh) in this mode only when a handshaking acknowledgment has been received. HOLDACK is also used to 
configure the active level of RDY/HOLD at system power up. 


Chip Select. This input operates as a master chip select. Before any host-initiated access involving the VSC ‘can 
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pin descriptions (continued) 


SYSCLK System Clock. This input is used to generate the timing of signals output to the memory, and the timing of the 
INT and the RDY/HOLD signals output to the host. All host interface signals input to the VSC must be synchronous 
To SYSGLK.. 


Reset. An active-low RESET places the VSC in a known initial state. While RESET is low, the internal registers are 
forced to their default values, and all VRAM control outputs are forced to their inactive levels. RESET should be 
driven low when power is first applied and remain low for at least 1 ms. 


Row Address Strobes. These active-low outputs are designed to drive the RAS inputs on both the SMJ4161 VRAM 
and conventional DRAMs. During display update and refresh cycles, all four RAS outputs are driven active low 
in the default mode of operation. 


Column Address Stobe High. This active-low output is designed to directly drive the CAS inputs on both the 
SMJ4161 VRAM and conventional DRAMs. During memory cycles initiated by the host, CASHI becomes active 
only after the CEH input is driven active low. 


Column Address Strobe Low. The operation of CASLO is similar to that of CASHI, as described above, except 
that CASLO is enabled by an active low on CEL rather than CEH. 


Write Control. This signal is used to drive the W inputs on both the SMJ4161 VRAM and conventional DRAMs. 
W is driven active low during write cycles requested by the host. 


Shift Register Transfer and Output Enable. The TR/QE output directly drives the TR/OQE inputs on the SMJ4161 
VRAM. Signals used to enable shift register-transfer cycles and VRAM output buffers during read cycles are 
multiplexed over this single pin. 


Video Blanking. The BLANK output is used to disable video data to the CRT monitor. BLANK is driven active low 
during both horizontal and vertical blanking intervals. 


HSYNC 1/O | Horizontal Sync. HSYNC generates the horizontal sync pulses used to control a CRT monitor. It operates as an 
output, except when the external sync mode is enabled. 
w Vertical Sync. VSYNC generates the vertical sync pulses used to control a CRT monitor and operates as an output, 
except when the external sync mode is enabled. 


Video Clock. The video input clock drives the logic within the VSC chip that is responsible for generating the timing 


for the sync and blanking signals. VIDCLK also drives the logic responsible for generating internal requests for display 
update and VRAM refresh cycles. 
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programmable registers 


The programmable registers in the SM/SMJ34061 allow configuration of the CRT timings, system CPU 
interface, and X-Y address parameters. Most of these registers contain bits that are not currently 
implemented; these bits are designated in the following tables by an ‘’X.’’ To maintain compatibility with 
future device upgrades, a logical zero should be written to these bits. 
TABLE 1. VIDEO TIMING REGISTERS 
maurennaone| “ret [veareo.|capcaz| Seon 
REGISTER NAME DESCRIPTION 
CA1 = 1 CA1 = 0 CA6-CA2 
Horizontal XXXXAAAA AAAAAAAA 00000 Identifies the end of horizontal sync interval. Contents = horizontal 
End Sync a ea Se | sync width — 1 VIDCLK unit 
Horizontal XXXXAAAA AAAAAAAA 00001 Identifies the end of horizontal blank interval. Contents = horizontal 
End Blank lies bee ak sync width + horizontal back porch — 1 VIDCLK unit 
Horizontal XXXXAAAA AAAAAAAA 00010 Identifies the start of horizontal blank interval. Contents = horizontal 
Start Blank sync width + horizontal back porch + horizontal active screen — 
1 VIDCLK unit 
Horizontal XXXXAAAA AAAAAAAA 00011 Identifies the start of horizontal sync interval. Contents = total line 
Vertical XXXXAAAA AAAAAAAA 00100 Identifies the end of vertical sync interval. Contents = vertical sync 
Vertical XXXXAAAA AAAAAAAA 00101 Identifies the end of vertical blanking interval. Contents = vertical 
a iil ees sync width + vertical back porch — 1 
Vertical XXXXAAAA AAAAAAAA 00110 Identifies the start of vertical blank interval. Contents = vertical sync 
Total 


NOTE: ‘‘A”’ = active register bit, ‘’X’’ = bit not implemented. 


+ vertical back porch + vertical active — 1 horizontal total units 
Identifies the start of vertical sync interval. Contents = number of 


horizontal lines — 1 horizontal total units ~ 


«+ TOTAL -________4 


>| |\¢— END SYNC 
| 
BLANK \ | [ \ / 


as l¢— END BLANK | 
le BLANK START —————>| 


FIGURE 1. SYNC AND BLANK RELATIONSHIP 


hip 
TEXAS 
INSTRUMENTS 


14-288 POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


SM/SMJ34061 
VIDEO SYSTEM CONTROLLER 


The following equations show the derivation of the various parameters required to initialize the VSC to 
interface to any CRT monitor: 


Horizontal End Sync = Horizontal Sync Width — 1 
Horizontal End Blank = Horizontal Sync Width + Horizontal Back Porch — 1 
Horizontal Start Blank = Horizontal Sync Width + Horizontal Back Porch + Horizontal 
Active Screen — 1 
Horizontal Total = Total Line Time — 1 
Vertical End Sync = Vertical Sync Width — 1 
Vertical End Blank = Vertical Sync Width + Vertical Back Porch — 1 
Vertical Start Blank = Vertical Sync Width + Vertical Back Porch + Vertical Active Screen —1 
Vertical Total = Number of Horizontal Lines — 1 


All horizontal timing parameters are in VIDCLK units, and all vertical timing parameters are in horizontal 
line time units. 


TABLE 2. CPU INTERFACE REGISTERS 
UPPER BYTE | LOWER BYTE | ADDRESS 
REGISTER NAME DESCRIPTION 
CA1 = 1 CA1 = 0 CA6-CA2 
Control XAAAAAAA AAAXAAAA 01011 Controls the behavior of host interface signals, the timing of display- 
Register 1 update cycles, the enabling of interrupt requests, the frequency of 
XAAAAAAA | AAAAAAAA 01100 | DRAM-refresh cycles, and the configuration of video timing signals. 
Register 2 


TABLE 3. CONTROL REGISTER 1 BIT DEFINITIONS TABLE 4. CONTROL REGISTER 2 BIT DEFINITIONS 


sc 
[86 [Extended FAS Mode 


Reserved 


TABLE 5. STATUS REGISTER 


UPPER BYTE | LOWER BYTE | ADDRESS 
REGISTER NAME DESCRIPTION 
CA1 = 1 CA1 = 0 CA6-CA2 


XXXXXXXX | XXXXXAAA 01101 An error condition or vertical interrupt has occurred 
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TABLE 6. STATUS REGISTER BIT DEFINITIONS 


Cans [NAME 
80 | Vertical merapt 


TABLE 7. VERTICAL INTERRUPT REGISTER 


UPPER BYTE | LOWER BYTE | ADDRESS 
REGISTER NAME DESCRIPTION 
CA1 = 1 CA1 = 0 CA6-CA2 


Vertical XXXXAAAA AAAAAAAA 01010 Generates a vertical interrupt when contents are equal to Vertical 
Interrupt Counter 


TABLE 8. CRT CONTROL REGISTERS 
UPPER BYTE | LOWER BYTE} ADDRESS 
REGISTER NAME DESCRIPTION 
CA1 = 1 CA1 = 0 CA6-CA2 
Display XXXXAAAA AAAAAAAA 10000 Contains the address to be output during the next automatic display- 
Address update cycle 


Display XXXXXXXKX XXXXAAAA 01000 Contains the value by which the display address is incremented 
fete || ENS LEIS [Bern Be ee yee i eee arenes 
Display XXXXAAAA AAAAAAAA 01001 Specifies the memory location to be displayed at the upper left of 


TABLE 9. X-Y REGISTERS 


UPPER BYTE | LOWER BYTE | ADDRESS 
REGISTER NAME DESCRIPTION 
CA1 = 1 CA1 = 0 CA6-CA2 


X-Y Address AAAAAAAA AAAAAAAA 01111 Contains address for host-indirect memory accesses 


X-Y Offset XXXXAAAA AAAAAAAA 01110 Defines the boundary between the X-Y portions of the X-Y Address 
Register and contains the initial value of the two RAS-select bits 
and the two independent multiplexed address bits 


address multiplexer 


The address multiplexer provides the Multiport VRAM array with row, column, and internal addresses at 
the proper times. Its inputs are from the host system, the display address register, the X-Y indirect address 
register, and the DRAM refresh address counter. The specific source of the address is controlled by the 
arbiter, and the RA or CA portion of the address is controlled by the memory cycle generator. Eighteen 
multiplexed address signals are provided by the 9-bit MA address outputs. The address multiplexer directly 
drives inputs for up to 64 SMJ4161 Multiport VRAM devices or conventional dynamic RAM devices of 
up to 256K bits. | 
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DRAM refresh counters 


Programmable DRAM refresh cycles allow the VSC to relieve the host of refresh burden. The refresh burst 
length is determined by bits 14-12 in Control Register 1. These three bits output a binary number from 
000 to 111 which indicates the number of DRAM refresh cycles, from O to 7 per horizontal line. This binary 
number is then counted by the Refresh Burst Counter (host inaccessible). The Refresh Burst Counter outputs 
a 9-bit row address to the Address Multiplexers during DRAM refresh cycles, while the Memory Cycle 
Generator increments the DRAM Refresh Register (host inaccessible) to the next 9-bit row address to be 
output. 


X-Y address capability 


X-Y addressing is particularly useful when the linear addressing range of the host is insufficient to provide 
proper access of all pixels on the screen. The contents of the X-Y registers replace the RA and CA outputs 
as source of the memory address. A 4-bit code on inputs CA4-CA1 determines address adjustment 
(increment, decrement, clear, no change). X-Y capability relieves the host from calculating the address 
of the next pixel to be modified. 


arbiter 


The arbiter determines whether the host processor, the video shift-register reload logic, or the dynamic- 
RAM refresh logic can access the memory or start a reload or refresh cycle. Since the display and refresh 
functions of the VSC normally use less than six percent of the available memory cycles, the arbiter usually 
grants immediate memory access to the host. When a conflict arises, the arbiter grants priority as follows: 


1) Any cycle in progress 

2) A display update cycle (internally granted request) 

3) A DRAM-refresh cycle that has been delayed for more than % horizontal line 
4) Any host-requested cycle 

5) DRAM-refresh cycle 


memory cycle generator 


Various memory cycles requested by the arbiter are performed by the Memory Cycle Generator, which 
also provides the DRAM array with the RAS, CAS, TR/QE, and W signals. It controls the multiplexer during 
all cycles in order to meet the address and control line-setup and hold requirements. Cycles generated: 


@ Host-requested cycles 
— Read 
— Write 
— Early Write 
— Read-modify-write 
— Memory-to-shift register 
— Shift register-to-memory 
@® Delayed host-requested cycles 
Internally requested shift register transfer 
@ Internally requested refresh cycle 


CRT control 


The VSC generates the HSYNC, VSYNC, and BLANK signals used to drive a CRT monitor in a bit-mapped 
graphics system. These signals are synchronous to the Video Input Clock (VIDCLK). HSYNC, VSYNC, and 
BLANK are programmed through eight host-accessible video timing registers, which are easily configured 
to accommodate a variety of display resolutions and CRT monitors in either intertlaced or non-interlaced 
modes. Two additional registers, clocked by VIDCLK, maintain the current horizontal and vertical counts. 
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The values in these two counters are compared with the values in the eight video timing registers to 
determine the limits of the sync and blanking intervals. Programmed synchronization of external sync signals 
allows the VSC to superimpose an image upon an externally generated video source. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) Tt 


Supply voltage, Vcc (see Note 1)... 10... ... ccc ee ee eee eee eee eee ee 7V 
GUL VOINRGE TENGE 6 cnc ccc ccew es vee shies bate eee we Eee Ew OR eee eee ees ~0.3 V to 7 V 
Off-state output voltage range ....... 0.0.0.0... ce ee =2V to 7 V 
Maximum operating case temperature... . 1... ee eee 110°C 
Minimum operating free-air temperature... 2... 0... ee ee — 65°C 
SrOrade Teiniperature (NGS 2s. sce ced eee eM DEES bee ed wERSE RED EDO ~65°C to 150°C 


TStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 


Vcc Supply voltage 


| MIN NOM MAX | 
ras 55] Vv 
0 
Vit_Low-level input voltage ———SSCSCSCSCSCSCSCSCSCSCSCSCSCSCSCSCSCSCSCSC*dSCSSSSSS BY 


| VSYNC, HSYNC, BLANK, 
IOH High-level output current D -370 pA 
ss Mokatniieeae _ | VSYNC, HSYNC, BLANK, oo 
+ Fiala , m 
OL SOMME PE LEN | TE RDY/HOLD, D7-DO | 


Tc Operating case temperature 
Ta Operating free-air temperature 


electrical characteristics over recommended temperature range 


PARAMETER TEST CONDITIONS 


VOH High-level output voltage Vcc = MIN, loy = MAX 
VoL Low-level output voltage Vcc = MAX, lot = MAX 


| S | ‘ Vcc = MAX 
— Vec = MAX, Tc = 110°C 


High-impedance 


fe) 
I Input current 


Output loading 


output current 


(see Figure 2) 


TAIl typical values are at Vcc = 5 V, Ta = 25°C. 
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system clock timing parameters (see Notes 2 and 3) 


SMJ34061 
PARAMETER UNIT 
ns 


tesc___ SYSCLK clock period 100 500] ns | 
tw(SCH) SYSCLK clock high pulse duration 48 246 


tw(SCL) 
NOTES: 2. SYSCLK frequency must be greater than one-half the VIDCLK frequency. 


3. All switching characteristics are measured between the maximum low level and the minimum high level using the 10 percent 
and 90 percent points. 


SYSCLK clock low pulse duration 


memory and host interface timing parameters 


SMJ34061 
PARAMETER UNIT 
MIN TYP MAX 


tw(RSTL) Reset active (low) pulse duration 1 
Reset wait period after a reset low-to-high transition pulse and prior 
7 


th(RSTH-ALEH) 1 
to the first host-requested memory cycle 


tsu(ALE-SCH) Setup time of ALE low or high to SYSCLK no longer low (see Note 4) 


i 20 
| 7 | thiSCH-ALE) _Hold time of ALE low or high after SYSCLK high (see Note 4) 10 
| 8 | tw(ALEH) Pulse duration of ALE high 40 
po Setup time of CEL or CEH low or high to SYSCLK no longer low 


tsu(CE-SCH) (see Note 4) 


th(SCH-CE) Hold time of CEL or CEH low or high after SYSCLK high (see Note 4) 
tsu(ADDR-ALEL) Setup time of RA, CA, RS, or CS input valid before ALE not longer high 


tsu(FS-ALEL) Setup time of FS input valid before ALE no longer high 
th(ALEL-ADDR) Hold time of RA, CA, FS, RS, or CS input valid after ALE low 


1a : Delay from SYSCLK high to row memory address valid, host initiated 
d(SCH-RMA)H memory cycle (see Note 5) 


20 


Delay from SYSCLK high to RAS high in display update and DRAM refresh 


td(SCH-RASH) ‘see Note 5) O 


23 td(SCH-RDYH) Delay from SYSCLK high to RDY/HOLD at ‘‘ready”’ level (see Note 6) 


TRow address hold time guaranteed by th(RMA) Parameter. 
NOTES: 4. ALE, CEH, and CEL inputs are synchronous to SYSCLK and must meet the required setup and hold times specified with respect 
to each SYSCLK low-to-high transition in order to guarantee correct operation. 
5. This timing is based on a load circuit equivalent to 64 SMJ4161 VRAMs being driven by the VSC. Each of the following 
outputs drives a 350-pF capacitance to Vgg: MA8-MAO, CASLO, CASHI, RAS3-RASO, TR/QE. The W output drives a 670-pF 
Capacitance to ground. All other outputs drive a 560-ohm resistor tied to a 2.2-volt source with a 100 pF capacitance load 
tied to Vss. 
6. All references made to the RDY/HOLD signal in the timing spec assume an active high level. 
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memory and host interface timing parameters (continued) 


SMJ34061 
PARAMETER 
MIN TYP MAX 
; Delay from ALE no longer low to RDY/HOLD high-impedance level starting 4 
d(ALEH-RDYZ) tom RDY/HOLD (see Note 6) 


0 
td(SCL-CASL) Delay from SYSCLK low to CAS low to CASLO or CASHI (see Note 5) 15 75 


= 
= 
= 


ns 
Ns 


n 


n 


td(SCL-TRL) Delay from SYSCLK low to TR/QE low (see Note 5) 15 70 
td(ALEH-TRH) | Delay from ALE, CEH, or CEL high to TR/QE high (see Note 5) 


O 

6) 

‘ Delay from SYSCLK high to W low (see Note 5), host direct or 20 
d(SCH-WL)HX X-Y indirect cycle 

20 


td( ALEH-WH) Delay from ALE high to W high (see Note 5) 
td(RWL-WL) Delay from R/W low to W low (see Note 5) 20 90 
tq(RWH-WH) Delay from R/W high to W high (see Note 5) 20 90 


Delay from SYSCLK high to W or TR/QE low, shift-register-transfer cycles 
- *d(SCH-WLISR (see Note 5) 20 a 


td(ALEH-CASH) Delay from ALE, CEH, or CEL high to CASLO or CASHI high (see Note 5) 


n 


ice) 
ie) 
7) 


= = | 3 a =| > | = | =) 
wn wn n n ” 


24 
25 
26 
27 
28 
29 
30 
31 
32 


=>) 
n 


TRALEL-GELH) Held tine of CEL igh afer ALE no Inger High platoon | 
ERGELEALEL) Held tine of ALE low after CEL no kngar low, register ye YO 
20 


Data valid after next SYSCLK rising edge following CEL low for status 


: 130 
d(SCH-D) read cycle only 


40 td(CELH-DZ) Delay from CEL high to D7-DO high impedance, register cycle 


Delay from CEL or CEH low to RDY/HOLD at the ‘‘ready”’ level, 
host access cycle (see Note 6) 


3 
n 


34 
35 
36 
oi 
38 
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— 
wn 
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41 td(CL-RDYH)HX 


tsu(D-CELH) Setup time of D7-DO valid to CEL no longer low, register write 


Finiceui.o) Hold time of 67-00 vad after CEL high resister write ~~; 


Delay from SYSCLK high to row memory address valid, 


— 


1 


= | 
”n 


42 
43 
44 
45 
46 
47 


= = 
n n 


~N 
oO 
=| 


48 td(SCH-RMA)D. 


= 
n 


display update cycle (see Note 5) 
49 : Hold time of column address valid after SYSCLK no longer low, 
h(SCH-CMA) display update cycle (see Note 5) 


td(SCH-CASH) Delay from SYSCLK high to CAS high (see Note 5) 20 
td(SCH-TRL) Delay from SYSCLK high to TR/QE low, display-update cycle (see Note 5) 20 
td(SCL-TRH) Delay from SYSCLK low to TR/QE high, display-update cycle (see Note 5) 20 


TRow address hold time guaranteed by th(RMA) Parameter. 
NOTES: 4. ALE, CEH, and CEL inputs are synchronous to SYSCLK and must meet the required setup and hold times specified with respect 
to each SYSCLK low-to-high transition in order to guarantee correct operation. 
5. This timing is based on a load circuit equivalent to 64 SMJ4161 VRAMs being driven by the VSC. Each of the following 
outputs drives a 350-pF capacitance to Vss: MA8-MAO, CASLO, CASHI, RAS3-RASO, TR/QE. The W output drives a 670-pF 
Capacitance to ground. All other outputs drive a 560-ohm resistor tied to a 2.2-volt source with a 100 pF capacitance load 
tied to Vss. 
6. All references made to the RDY/HOLD signal in the timing spec assume an active high level. 
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memory and host interface timing parameters (concluded) 


SMJ34061 
PARAMETER UNIT 
MIN TYP MAX 


td(SCH-WL) Delay from SYSCLK high to W low, display-update cycle (see Note 5) 


= "di ; 
54 
55 
56 
td(SCH-RDY) Delay from SYSCLK high to RDY/HOLD valid (hold mode) 

Hold time of valid HOLDACK after SYSCLK high, hold mode only 


| 83 | 
| 84 
| 5 
| 56 
th(SCH-HA) (see Note 4) 
| 60 
| 61 


| 20090 | ns 
| 20090 | ins 
pss 
ee 
ae 
54 Setup time of HOLDACK low or high before SYSCLK no longer low, 5 
‘su(HA-SCH) oid mode only (see Note 4) 
ps 
pos 
pots 
p20 ts 
ee 
ee 


61 
62 tsu(CMA) Column memory address setup before CAS no longer high 


td(SCH-INT) Delay from SYSCLK high to INT low or high 
63 : TR/QE setup time before RAS no longer high, shift register transfer, 
su(TR) display update 


tsu(RMA) Row memory address setup before RAS no longer high 
th(RMA) Row memory address hold time from RAS low 


65 tsu(HA-RSTH) Setup of HOLDACK prior to RESET going high, ready and wait modes only 


th(RSTH-HA) | Hold time of HOLDACK after RESET high, ready and wait modes only 


6) 90 
0) 90 
5 
15 
10 
O 
8) 
@) 
0) 
Hold time of FS2-FSO to SYSCLK high 10 


ns 
ns 
ns 
ns 
ns 
ns 
aks) 
ns 
ns 
ns 
ns 
ns 

Ss 


67 


th(SCH-FS) 


a 2 
TRow address hold time guaranteed by th(RMA) Parameter. 


NOTES: 4. ALE, CEH, and CEL inputs are synchronous to SYSCLK and must meet the required setup and hold times specified with respect 
to each SYSCLK low-to-high transition in order to guarantee correct operation. 

5. This timing is based on a load circuit equivalent to 64 SMJ4161 VRAMs being driven by the VSC. Each of the following 
outputs drives a 350-pF capacitance to Vss: MA8-MAO, CASLO, CASHI, RAS3-RASO, TR/QE. The W output drives a 670-pF 
capacitance to ground. All other outputs drive a 560-ohm resistor tied to a 2.2-volt source with a 100 pF capacitance load 
tied to Vss. 

6. All references made to the RDY/HOLD signal in the timing spec assume an active high level. 


1.4V 
Ri = 1.5 kQ 
OUTPUT 
UNDER 
TEST 


TEST POINT 


T CLOAD 


FIGURE 2. STANDARD TEST LOAD CIRCUIT 
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system clock timing 


——— 1 


+ 2 | 
SYSCLK f. \f 


34 
reset timing 
a 
RESET . Y 
| | 
‘a >? 
ALE 66 + —> 


HOLDACK x 


function select (FS) timing 


\¢—_————- CURRENT CYCLE #4 NEXT CYCLE——— 


_— SJ \£ SS i ££ YS 


FS2-FSO | VALID FS CURRENT CYCLE I weer OVCLE 


NO FS CHANGE # 
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host direct or X-Y indirect cycle timing 


SYSCLK | | 
| | 
| | 
| | 
| | 
1 | 
ALE | 
| 
l 
__ | 
CEL, CE | 
RS1, RSO 
CA8-CAO seeeeeeeeceeleeeseeeeeeeeeee 
RA8-RAO Wrrarateraerraaee’ 
FS2-FSO MMMM IMI IIIINs 


TR/QE 


R/W 


W 
(WRITE CYCLE) 
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OXKK KKK) 
OY 
Parerareela lalallala 


(yy XX XXXXX 


XY 0.9 


S 


31 
" | 
(WRITE CYCLE) | | | 
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host direct or X-Y indirect cycle timing with late CAS 


R/W 
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shift-register-transfer cycle timing 


| j 17-0 
15 1 


COLUMN ADDRESS 


I | 
| i | i i (READY) 
RDY/HOLD | : | — 
(0 WAIT) — | (NOT READY) | | | | ;_ 
| ! e264 
| 4 
| 


m 


| 
i 63 
me UN 


TDuring a shift-register cycle the nine bits of address input on CA8-CAO are output on MA8-MAO at row address time, and the nine bits 
of address input on RA8-RAO are output on MA8-MAO at column address time. This multiplexing of the row and column addresses is 
intended to reduce memory address map requirement. 
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register read cycle timing 


14-300 


SYSCLK 


R/W 
(READ) 


D7-DO 
(READ) 


RDY/HOLD 
(0 WAIT) 


RDY/HOLD 
(1 WAIT) 


| 


VaVaVaVaVavataVavatatastavavVavavatavatAarTataVaValTaVaTaTaTATAVATATAVAVATATATATATATATATAY, 
OXYXYXRXAXXRXAXARX DON'T CARE XXOXXXYXY YY) 


(XXX) XXXXX 


XXAAAAAAAAAAAK) 


OXXXXXXX) XXXXKKKX i\i\ 
1 | 


] | +¢— 38 +—+} 
| | 394 ! 
— HI-Z VALID DATA mM HI-Z 


1 
: 


| 
—-xm———-z-———- 
N 
- 
= 
| 
NO 
pb 
= 
. N 


}+—++- 60 
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register write cycle timing 


SYSCLK 


RDY/HOLD 
(0 WAIT) 


RDY/HOLD 
(1 WAIT) 


XXXXX ux VV XXX \/ iy DON'T CARE XXYXY YAY 
KKK RRR AAAAAAA NAAR ERK 


(XK KK KX 
OY 


XY RY RXYXYNX) DON'T CARE (YXYRXYXYRXY COO KKK KK 
YXKKKK YK aannannararoXrXrreXoXrrrof KKK 


HI-Z | | HI-Z 
| 4 | : 24 
+ —$> 21 l | : | 
| | l 
: | le- 23 > | | 
— Hi-Z — (NOT READY) / i MHZ 
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register read-modify-write cycle timing 


14-302 


SYSCLK 


ALE 


CA6G-CA1, 
FS2-FSO, 
cS 


CEL 


R/W. 
(READ) 


D7-DO 
(READ) 


RDY/HOLD 
(0 WAIT) 


RDY/HOLD 
(1 WAIT) 


= HI-2 


ei / XX XX Xx XXX XY DON'T CARE | XXXX’ KKK KKK KKK KK 
ROI CARE KIO 


= 
! | 

| HI-Z 
: 24 +— 
| 


| 
| 
| 
| 
| 
, +234 - 


4 
TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


SM/SMJ34061 
VIDEO SYSTEM CONTROLLER 


display-update cycle timing 


l-——————- DISPLAY-UPDATE CYCLE ———————_»| 

l | 
| 

| I | | t | 

‘deed | | }#—+- 16 1 

ldo, #215 I | 

1 61-+4¢+4+—4| | j¢-— 62-1 | | 


MA8-MAO ROW ADDRESS COLUMN ADDRESS 
\ : —>| | 


1, _1yJ } | | j¢- 49 
bon 64 |) , 20-4 
| | | 
| 25 +» 50-4 
pdt ft 
CAS | le 63-4 l 1 | 
| H 
#—>+ 51 | ! 52-444 Lt us 
| | | 
TR/OE | \ | je— 55 —_» / , 
| 
+53 | 544+ 


=| 
| 


NOTE: The state of W during update cycles is determined by B6 of control register 1. 
DRAM-refresh cycle timing 


}#——————- DRAM REFRESH CYCLE ————————_] 
| | 


| 


| | 
1 48) , 4 | 
=i ai 7 
MA8-MAO INVALID (row aponessX ADDRESS INVALID 
18 ) | 20-1 le 
| | | 
e614! k-64 4 | 
| 
| 


: 
RAS \ } 


hold/hold acknowledge timing 


| | 


kK—++ 57. | | | 
ee a ce | 
| i] 
RDY/HOLD | \ | j | 7 
! | 
| | | 
J 58 | | ! 
te | mt 
| 58 4¢—> 
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video interface timing parameters 


The timing parameters for VSC video interface signals are presented below. This interface includes the 
following VSC pins: VIDCLK (video input clock), BLANK (blanking), HSYNC (horizontal sync, bidirectional) 
and VSYNC (vertical sync, bidirectional). HSYNC and VSYNC are inputs only if external sync mode is 
enabled; if not, they are outputs. 


video interface signals timing parameters 


SMJ34061 
PARAMETER UNIT 
MIN MAX 


teVC Period of input clock VIDCLK (see Note 7) 155 500 


i Ce ee Oe 
: 
0 


| 
- 1 


NOTES: 7. If HTOTAL—HSBLANK is equal to 1, then the VIDCLK frequency must be less than 4 MHz. If HTOTAL—HSBLANK is equal 
to or greater than 2, then the VIDCLK frequency can operate up to a maximum of 6.5 MHz. 
8. Specified setup and hold times on asynchronous inputs are required only to guarantee recognition at indicated clock edge. 


video clock input timing 


| | ¢— 70 —> 


output signal timing 


VIDCLK ee ee ce ee ce 
| 


I —+ 72 
| | | 
+—>+ 71 | 
HSYNC, | | | 
VSYNG | \' | F 
(OUTPUTS) : , 
| | | 72 
i | | 


BLANK \ | 7 
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external sync input timing 


NOTES: 


2. 


10. 


A B 1 Cc D 
| 7 74—>) \ | +#—73— 
HSYNC, —————— wr) | | 
VSYNG N -— 74 —¥ 
(INPUTS) 
(NOTE 9) (NOTE 10) 


If the falling edge of the sync signal occurs more than 10 ns past VIDCLK edge A, and at least 20 ns before edge B, the 
transition will be detected at edge B rather than at edge A. 
If the rising edge of the sync signal occurs more than 10 ns past VIDCLK edge C, and at least 20 ns before edge D, the 
transition will be detected at edge D rather than at edge C. 
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14-306 


SMJ34082 
FLOATING POINT PROCESSOR 


SEPTEMBER 1989 


145-PIN GC PACKAGE 


° Military Temperature Range: (TOP VIEW) 


—55°C to 125°C 


® Operates as a SMJ34020 Floating Point 12345 67 8 9 101112131415 
Graphics Coprocessor or as a Standalone 


Floating Point Processor A eon eee e eee eee ee 

* Direct Connection to SMJ34020 7 Serer es eee ee ee 

Coprocessor Interface oe, Sa eeer errr res es 

— Direct SMJ34020 Instruction Extension D allan ee 

— Multiple SMJ34082 Capability S eee ld 

F e@ @ ®@ e® @ @ 

® On-Chip Sequencer to Execute Internal or G sé eee 

User-Programmed Instructions H 6é@6 eee 

* Internal Programs for Vector, Matrix, and i = ee iene 

Graphics Operations S| = ee adied 

L eee eee 

° Fast Multiply/Accumulate Cycle Time M eee eee 
—32-MHz Version (SMJ34082-32) ...60ns p eee 88466800866 % 666 > 
* Twenty-Two 64-Bit Data Registers On-Chip R eee Res ee ee 2 SS 1? 
°® External Memory Addressing Capability ine 
—External Program Storage (Up to 64K > 
Words) LL 
—External Data Storage (Up to 64K Words) oC 
® Full ANSIJEEE STD 754-1985 Compatibility * Selectable Data Formats Q.. 
—Addition — Subtraction —32-Bit Integer — 

—Multiplication —Division —32-Bit Single-Precision Floating Point 

—Square Root —Comparison —64-Bit Double-Precision Floating Point = 
description Q 
The SMJ34082 is a high-speed floating point processor implemented in Tl’s advanced one-micron CMOS O 
technology. On a single chip the SMJ34082 combines a 16-bit sequencer and a three-operand FPU (source A, or 
source B, destination) with twenty-two 64-bit data registers. The data registers are organized into two banks of @) 


10 registers each, and two registers are used for internal feedback. In addition, an instruction register to control 
FPU execution, a status register to retain the most recent FPU status outputs, eight control registers and a 
two-deep stack are provided. 


The SMJ34082 is fully compatible with ANSI/IEEE Std 754-1985 for binary floating point addition, subtraction, 
multiplication, division, Square root, and comparison. Floating point operands can be in either single- or 
double-precision IEEE format. 


In addition to its floating point operations, the SMJ34082 performs 32-bit integer arithmetic, logical comparisons, 
and shifts. Integer operations may be performed on 32-bit two’s-complement or unsigned operands. Integer 
results are 32 bits long (even for 32 x 32 integer multiplication). Absolute value conversions, floating point to 
integer conversions, and integer to floating point conversions are available. 


The ALU and the multiplier are closely coupled and can be operated in parallel to perform sums of products and 
products of sums. During multiply/accumulate operations both the ALU and the multiplier are active, and the 
registers in the FPU core can be used to feed back products and accumulate sums without tying up locations 
in register banks A and B. 


products in the formative or design phase of development. 
Characteristic data and other specifications are design goals. 
Texas Instruments reserves the right to change or discontinue 
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When used with SMJ34020, the SMJ34082 operates in coprocessor mode, and the SMJ34020 can control 
multiple SMJ34082 coprocessors. When used standalone or with processors other than the SMJ34020, the 
SMJ34082 operates in host-independent mode. The SMJ34082 is fully programmable by the user and can 
interface to other processors or floating point subsystems through its two 32-bit bidirectional buses. 


data flow 


The SMJ34082 has two bidirectional 32-bit buses, LAD31-LAD0O and MSD31-MSDO. Each bus can be used to 
pass instructions and data operands to the FPU core and to output results. A separate 16-bit bus, MSA15-MSAO, 
provides memory addressing capability on the MSD bus. 


When the SMJ34082 is used as coprocessor for the SMJ34020 Graphics System Processor (GSP), data transfer 
for the SMJ34082 can be handled through the 32-bit bidirectional data bus (_.AD31-LADO) and may be passed 
to any internal registers or to external memory on the memory expansion interface (MSD31-MSD0). When the 
SMJ34082 is used as a standalone FPU, it can use both the LAD bus (LAD31-LADO) and the MSD bus 
(MSD31-MSD0) to interface with external data memory or system buses. 


Several modes for moving operands and instructions are available. Block transfers up to 255 words long between 
the LAD and MSD buses can be programmezgd in either direction. In host-independent mode the SMJ34082 can 
be operated with the LAD bus as its single data bus and the MSD bus as the instruction source, or with data 
storage on either port and the program memory on the MSD bus. 


A data space/code source (DS/CS) output can be used to control access either to data memory or program 
memory on the MSD port. In SMJ34020 coprocessor mode both instructions and data are transferred on the LAD 
bus, with the option of accessing external user-generated programs on the MSD port. 


One 32-bit operand can be input to the data registers on each clock cycle. A64-bit double-precision floating point 
operand is input in two cycles. Transfers to or from the data registers can usually be handled as block moves, 
loading one or more sets of operands with a single MOVE instruction to minimize I/O overhead. 


To permit direct input to or output from the LAD bus, other options for controlling the LAD bus have been 
implemented. When two 32-bit operands are being selected for input to the FPU core, one operand may be 
selected from LAD. On output from the FPU, a result may simultaneously be written to a register and to the LAD 
bus. 


During initialization in host-independent mode, a bootstrap loader can bring sixty-five 32-bit words from the LAD 
bus and write them out to external program memory on the MSD bus, after which the device begins executing 
from the first memory location. This option facilitates the initial loading of program memory on the MSD port upon 
power-up. 
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JUNE 1986 — REVISED MARCH 1988 


Handles All IEEE-488 1975/78 Functions JD PACKAGE 


Compatible with IEEE-488A 1980 (TOP VIEW) 
Supplement 


@ Maximum Transfer Rate . . . Greater Than 
360 Kilobytes/Second 


Talker and Listener Function (T, TE, L, LE) 


Automatic Source and Acceptor 
Handshakes (SH, AH) 


Controller with Pass Control 
System Controller Capabilities 


Device Trigger and Device Clear Capabilities 
(DT, DC) 


® Optional Automatically Cleared ‘Request 
Service Bit’ 


Parallel and Serial Poll Facilities (PP) 


Remote/Local Function with Local Lockout 
(RL) 


Single or Dual Primary Addressing 


Secondary Address Capabilities 
FD PACKAGE 


Direct Interface to SN75160/161/162 Bus (TOP VIEW) 
Transceivers with No Additional Logic 


Compatible with Most Microprocessors 
Direct-Memory-Access Facilities 


Memory-Mapped Microprocessor Interface 


Temperature Range... —55°C to 110°C 
(S Suffix) 


description 


The SMJ9914A provides an interface between 
a Microprocessor System and the General 
Purpose Interface Bus (GPIB) specified in the 
IEEE-488 1975/78 standards and the IEEE-488A 
1980 supplement. The device is controlled and 
configured through 8-bit memory-mapped 
registers and enables all aspects of the standards 


18 19 20 21 22 23 24 25 26 27 28 


to be implemented, including talker, listener and (aa ui SBeGiees 

controller. The functional block diagram is shown « ~ = > 

on page 3. 
PRODUCTION DATA documents contain information P Copyright © 1986, Texas Instruments Incorporated 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
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GPIB CONTROLLER 


The GPIB is designed to allow up to 15 instruments within a localized area to communicate with each 
other over a common bus. Each device has a unique address, read from external switches at power-on, 
to which it responds. Information is transmitted by byte-serial bit-parallel format and may consist of either 
device-dependent data or interface messages, commonly referred to as data or command, respectively. 
A typical application is shown in Figure 1. Auxiliary commands are listed in Table 1. 


Device data may be sent by any one device (the talker) and received by a number of other devices (listeners). 
Instructions, such as select range, select function, or measurement data for processing or printout, may 
be sent in this way. 


The SMJ9914A performs the interface function between the microprocessor and GPIB bus and relieves 
the processor of the task of maintaining the IEEE protocol. By utilizing the interrupt capabilities of the device, 
the bus does not have to be continually polled, and fast responses to changes in the interface configuration 
can be achieved. 


The GPIB input/output pins are connected to the IEEE-488 bus via bus tranceivers. The direction of data 
flow is controlled by the TE and CONT outputs generated on the SMJ9914A. The SN75160, 75161 and 
75162 bus transceivers are designed specifically for use with a GPIB interface. The TE and CONT signals 
are routed within the devices so that the buffers on particular lines are controlled as required by the 
SMJ9914A. Other buffers may be used, but they may require a small amount of external logic, particularly 
around the EOI line buffer. 
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functional block diagram 


REN, IFC, ATN 
EOI, SRO, DAV, 
NRFD & NDAC DIO1-DIO8 


RSO-RS2 
RESET DBIN 
CLOCK REGISTER CE 
a iEEE-488 MULTILINE ADDRESS HE 
= STATE MESSAGE DECODE = 
DIAGRAM DECODE ACCRQ 
& ACCGR 
CONTROL 


LOGIC 


LOGIC 
INTERRUPT 
STATUS 0 

Ps | 

MASK 0 
INTERRUPT i 
STATUS 1 

baal! 
MASK 1 j COMPARE SERIAL POLL 
LOGIC PARALLEL POLL 
STATUS i 
i 
BUS STATUS | | 


MICROPROCCESSOR DATA BUS 


IEEE-488 DATA BUS 


mare: 


AUXILIARY 
COMMAND 
DECODE 


DATA IN 


DO-D7 


ADDRESS DATA AND 
SWITCHES PROGRAM 
EN MEMORY 


DATA |BUFFERS| DATA 
BUS 75160 BUS 


SMJ9914A 
GPIB 


IEEE-488 
GPIB 


ADDRESS ADDRESS} A0-A14 
DECODE 


FIGURE 71. TYPICAL SMJ9914A APPLICATION 
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pin descriptions 


| 
(TYPE) DESCRIPTION 


1 ACCRQ O 


Por 
at. 258 


Access Request. This pin becomes active (low) to request a direct memory access 


Access Granted. When received from the direct-memory-access control logic, this enables the 


> 
O 
OQ 
Q 
Be) 


byte onto the data bus. ACCGR must be high when not participating in DMA transfer. 


3 Chip Enable. CE allows access of read and write registers. If CE is high, DO-D7 are in high 
impedance unless ACCGR is low. 
oe bleed 
of its registers. 
s fom ft | enetewoptemurn 
carried out by the MPU. 
6 RSO , 
ppm fr Register Select Lines. Determine which register is addressed by the MPU during a read 
or write operation. 
8 RS2 
oe fm 
Clock Input. 500 kHz to 5 MHz. Need not be synchronous to system clock. 
[9] RESETS 


Talk Enable. Controls the direction of the transfer of the line transceivers. Logically, it is: 
[CACS + TACS + EIO.ATN.(CIDS + CADS) SWRST]. 


RESET 8 

VSS 

TE 

REN Remote Enable. Sent by system controller to select control either from the front panel or from 

the IEEE bus. 

IEC Mek! Interface Clear. Sent by the system controller to set the interface system into a known 

quiescent state. The system controller becomes the controller in charge. 
NDAC vot Not Data Accepted. Handshake line. Acceptor sets this false (high) when it has latched the 

data from the 1|/O lines. 


NRFD ot Not Ready For Data. Handshake line. Sent by acceptor to indicate readiness for the next byte. 


Data Valid. Handshake line controlled by source to show acceptors when valid data is present 
/ 

to the bus. 
pc vot End Or Identify. If ATN is false (high), this indicates the end of a message block. If ATN is 


/O 
t 
a 
| Vss | Ground reference voltage. 
= Le 
ace 


2 
Z 
2 
2 
2 


O 
1 
2 
3 
4 
25 


true (low), the controller is requesting a parallel poll. 


vot Attention. Sent by controller in charge. When true (low), interface commands are being sent 
over the DIO lines. When false (high), these lines carry data. 


ot Service Request. Set true (low) by a device to indicate a need for service. 


Indicates (low) if a device is controller in charge. It is used to control direction of SRO and 
ATN in pass control systems. Logically, it is (CIDS + CADS). 
DIO8 through DIO1 are the data input/output lines on the GPIB side. These pins connect to 


DAV 
EOI 
ATN 
[som fo 


the IEEE-488 bus via non-inverting transceivers. 


0 Trigger. Activated when the GET command is received over the interface or the fget command 
is given by the MPU. 


P| Supply voltage (5 V nominal). 


2 iot 
2 
2 
2 
3 ot 
2 Tt 


6 
7 
8 
9 
O 
g 
O 


4 


tT Push-pull output 
+ Open-drain output with no internal pullup 
8The hardware RESET pin has the following effect on the SMJ9914A: 
—Serial and Parallel Poll registers cleared 
—All clear/set auxiliary commands cleared except ‘swrst’ 
—‘swrst’ auxiliary command set. This holds the SMJ9914A in known states. 
{Open-drain output with internal pullup 
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Communication between the microprocessor and SMJ9914<A is carried out via memory-mapped registers. 
There are 13 registers within the SMJ9914A, 6 of which are read and 7 are write. These registers both 
pass control data to and get status information from the device. These registers are listed in Table 2 and 
shown in Figure 2. 


The three least-significant address lines from the MPU are connected to register select lines RSO, RS1, 
and RS2 and determine the particular register selected. The high-order address lines are decoded by external 
logic to cause the CE input to the SMJ9914A to be pulled low when any one of eight consecutive addresses 
are selected. Thus the internal registers appear to be situated at eight consecutive locations within the 
MPU address space. Reading or writing to these locations transfers information between the SMJ9914A 
and the microprocessor. Note that reading and writing to the same location will not access the same register 
within the SMJ9914A since they are either read-only or write-only registers. For example, a read operation 
with RS2-RSO = 011 gives the current status of the GPIB interface control lines, whereas a write to this 
location loads the auxiliary-command register. 


Each device on the bus interface is given a 5-bit address enabling it to be addressed as a talker or listener. 
This address is set on an external DIP switch (usually at the rear of an instrument) before power-on. 


Typical SMJ9914A configuration utilizes registers 100 or 101 as an address switch register (see Table 
2.). This register may consist of a DIP switch which drives the data lines via 3-state buffers when one 
of these addresses is read. This allows the host MPU to read a device address which is manually set and 
write this address into the address register of the SMJ9914A for device identification on the bus. The 
SMJ9914A responds by causing a My Address (MA) interrupt and entering the required addressed state 
when this address is detected on the GPIB data lines. 


TABLE 1. AUXILIARY COMMANDS TABLE 2. REGISTER ADDRESSES 


C/S uae READ WRITE 
RS1 REGISTERS REGISTERS 
MNEMONIC DESCRIPTION CLEAR| SET NA 


O 0 Interrupt Status O | Interrupt Mask O 

O 1 Interrupt Status 1 Interrupt Mask 1 
Release DAC holdoff 0 e Address Status 8 
Disable all interrupts 0) 1 Bus Status j|Auxiliary Command 
Send EOI with next byte : ° ! Address 
Force group execute ’ | r Serial Poll 

1 6) Command Pass Thru Parallel Poll 

1 1 


trigger 
Go to standby 


Holdoff on all data tTThe SMJ9914<A host interface data lines will remain in the high- 
Holdoff on EO! only impedance state when these register locations are addressed. An 
Listen only Address Switch Register may therefore be included in the address 
New byte available false space of the device at these locations. 

Pass through next tThis address is not decoded by the SMJ9914A. A write to this 


secondary location will have no effect on the device, as if a write had not 
Release RFD holdoff occurred. 


Release control 
Request parallel poll 
Request control 
Request service bit 2 
Return to local 
Shadow handshake 
Send interface clear 
Send remote enable 
Short T1 settling time 
Take control 
asynchronously 
Take control 
synchronously 
Talk only 
Very short T1 delay 


Data In Data Out 
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reference documentation 


¢ TMS9914A GPIB Controller User’s Guide (SPPUO13) 
¢ TMS9914A General Purpose Interface Bus (GPIB) Controller Data Manual (MPO33A) 


ADDRESS STATUS REGISTER 
ADDRESS BIT ASSIGNMENT 
RS2 RS1RSO} DO D1 D2 D3 D4 DS D6 D7 


DATA-IN REGISTER 


ADDRESS BIT ASSIGNMENT 
RS2 RS1RSO} DO D1 D2 D3 D4 D5 DE D7 


[11 _1 [bi08 107] b166]b105] bI04 [oI0s] 02 |OIOT 


GPIB 


REM Remote State TPAS Talker Primary Addressed State 
DATA-OUT REGISTER LLO Local Lockout LADS Addressed to listen 
ADDRESS BIT ASSIGNMENT ATN Attention TADS Addressed to talk 
RS2RS1RSO| DO D1 D2 D3 D4 D5 D6 D7 LPAS Listener Primary ulpa LSB last address 


Addressed State 


ADDRESS BIT ASSIGNMENT 
elas D1 D2 D3 D4 D5 D6 D7 
[100 Jedpa] dat [ dat [AB] Aa [AB] AZ [AT | 


edpa_ Enable dual-primary dat _ Disable talker function 
addressing mode A5-A1 Primary address 


GPIB 


[111 [108 [b107]bi06 [bios] D104 [oros] D102 O07 


ADDRESS BIT ASSIGNMENT 
RS2RS1RSO} DO D1 D2 D3 D4 D5 D6 D7 


cs Clear or Set f4-f0 Auxiliary command select 


das__ Disable listener function 
INTERRUPT MASK/STATUS REGISTER 0 
ADDRESS BIT ASSIGNMENT BUS STATUS REGISTER 
RS2 RS1RSO| DO D1 D2 D3 D4 D5 D6 D7 


ADDRESS BIT ASSIGNMENT 
00 0 |INTOJINT1] BI_| BO | END|SPAS}RLC |MAC] INT STATO [9 7 7 [ATN|DAV|NDACINRFD| EO! [SRO] IFC [REN 


INT1 Interrupt Status Register 1 END _ Last byte in string received 
SERIAL POLL REGISTER 


INTO Interrupt Status Register O SPAS Device has been serial polled 
ADDRESS BIT ASSIGNMENT 
RS2 RS1RSO;} DO D1 D2 D3 D4 D5 D6 D7 


BI Byte In RLC Remote/Local Change 


BO Byte Out MAC My Address Change 
INTERRUPT MASK/STATUS REGISTER 1 DIO8 DIO7} DIO6|DIOS DIO4|D1I03I DIO2|DI01 
S8,S6-S1 Device Status rsv1_ Request Service bit 1 


ADDRESS BIT ASSIGNMENT 
RS2 RS1RSO} DO D1 D2 D3 D4 D5 D6 D7 
COMMAND PASS THROUGH REGISTER 


GPIB 


INT MASK 1 
INT STAT 1 


O O- 1 |GET | ERR} UNC} APT |DCAS} MA | SRO | IFC 
O O- 1 |GET} ERR} UNC] APT |DCAS} MA | SRO | IFC 


GET Group Execute Trigger DCAS Device Clear Active State ADDRESS BIT ASSIGNMENT 

ERR Error SRQ_ Service Request RS2 RS1 RSO;} DO D1 D2 D3 D4 D5 D6 D7 

UNC Unrecognized Command = MA _ My Address DIO7| DIO6 | DIOS] D104 | D103] DI02 |DI01| GPIB 
APT Address Pass Through IFC —_ Interface Clear 


ADDRESS BIT ASSIGNMENT 
[11 _0 [Ppa [PP7| PPG [PPS] PPa [PPS] PP2 [PPT 
p108 |b107[DI08)D108) D104 [103] DI02)D10 


GPIB 


FIGURE 2. INTERNAL REGISTERS 
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55 Gi ACR a oT A A AS RR A REG SAT TENG EEL SELASSIE SA RE LES SERA LES I GPE REG SB WDE OED SO CR AE 


absolute maximum ratings over operating case temperature range (unless otherwise noted) T 


Sugply VONGOe TANS VCORE ccs ieee eer SOKO DKON RODE eeEY GORE HEED EER RES =0.3 V to 20 V 
All input and output voltage fanges......46.ceeccas en eertaeeo eer acer ewens -0.3 V to 20 V 
Continueus power GiSSIDGTION... 54-54 sees wee a eset bee bee eek be eh eee bad eee ew: 1.0 W 
Operating case temperature range...... 2... 0... ee ~55°C to 110°C 
Storage temperature range........... 0.0 ee ee =§5°C to 150°C 


T Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

TAIl voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 


78 Supply voltage 4.75 5.25 | 


puppy a ane eee Hi ae 
All outputs except REN, IFC. A 
spinnin 


té Operating case temperature — 55 as 


IOH 


: All outputs except 
High-level we IOH = —400 pA 
VOH REN,IFC,INT 


output voltage 
REN, !FC only IOH = —100 pA 
=o Low-level output voltage lol = 2mA 


Input current (any input) Vcc = 5.25 V, Vj = Vss to Vcc 


Vcc = 5.25 V, Vo = 2.4 V 


Vcc = 5.25V, V9 = 0.4 V 
Icc Vcc supply current a 5.25 V 


1 MHz, all other 
Cj Input capacitance (any input) t 
pins at O V 


loz Off-state output current 


T Parameter guaranteed via characterization data. 
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clock and host interface timing requirements over full range of operating conditions 


MIN NOM MAX UNIT 
2 2000 ns 
1955 ns 


tc(d) Clock cycle time 


(oe) 


twidH) Clock high pulse duration 


Be 

| toip) Clock cycle time 

| twidh) Clock high pulse duration 
tsu(DA) Data setup time 
th(DA) Data hold time 5 


th(AD) Address hold time 
th(DBIN) DBIN hold time? 


th(CE) CE hold time 


io) 


= — 
oO 


tsu(GR) ACCGR setup time 
th(GR) ACCGR hold time 


= | =| sit oa,~poaiats =| =| = = ie ie, 
n n i?) ATnNnInININ ” n n nln 


t Parameter guaranteed via characterization data. 


host interface timing characteristics over full range of operating conditions 


PARAMETER MIN NOM MAX UNIT 


ta(DBIN) Access time from DBIN low 


td(DBINL-Dz) DBIN low to data high impedance 50 100 | ons | 
50 


ns 
ns 
ns 
ns 
td(CEH-DZ) CE high to data high impedance 
ta(GR) Access time from ACCGR low 
td(AGRH-DZ) ACCGR high to data high impedance 
td(GRL-RQH) Delay of ACCRO high from ACCGR low 


PARAMETER MEASUREMENT INFORMATION 


2.07 V 241 
RL = 8330 R, = 8502 
TEST TEST 
FROM OUTPUT POINT FROM OUTPUT POINT 
UNDER TEST UNDER TEST 
Tv" = 50 pF T° = 50 pF 
(a) ALL OUTPUTS EXCEPT REN AND IFC (b) IFC AND REN 


NOTE 1: Timing measurements are referenced to or from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 


FIGURE 3. TEST LOAD CIRCUITS 
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oe ame ee ——— Vin (MIN) 


080 Vos SS Ss : Vit (MAX) 


(a) INPUT 


24V~ 

— = ——— Voy (MIN) 
20V— on 
= Vor (MA 
04v- Se oL (MAX) 


(b) OUTPUTS 


FIGURE 4. VOLTAGE REFERENCE LEVELS 


OUTPUT 


FIGURE 5. HIGH-IMPEDANCE MEASUREMENTS 
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clock cycle timing 


| | | 
tt ena $y) —od | 


Js tig) —___—- 


read cycle timing 


DBIN j \ 

{eg tap BIN; —————- td(DBINL-DZ)-fo—> 

— / 1 
WE | | 

ta(CE) — a 
je— tsu(WE) — | 

| 

CE | | 
Le teuia0 > | td(CEH-DZ)—f*—>4 


DO-D7 | 


RSO-RS2 VALID ADDRESS 


TEXAS 4% 


INSTRUMENTS 


14-318 POST OFFICE BOX 1443 @ HOUSTON. TEXAS 77001 


SMJ9914A 
GPIB CONTROLLER 


write cycle timing 
i+ thicey—e 
| 
‘valine | 


WE \ / | 

fe—tsuice)—oF | 
2’ an 
jee} tsu(DBIN) | on eT 


! l | 
DBIN ' | 


keo—Pt- tsu(AD) ke— thi AD) 


RSO-RS2 


tsu(DA) “—— te— th ipa) — 


DO-D7 


NOTE 2: th(Ap) and th(pA) are shown measured from the rising edge of WE. This is the correct reference point in this figure, since the 
measurements should be from the rising edge of WE or CE — whichever comes first. 


DMA read operation 


ACCRQ \ j 


Le ta(GRL-ROH)- 


ACCGR | 
| | 
DBIN | \ | / 
_ | 
oe 7 : cae A a ) 
| 
DO-D7 . 


}~e—— ta(DBIN)—— +} taiacrn07 


———— nee 


NOTE 3: A write-enable pulse may occur in a DMA read operation. A write-enable pulse may therefore be provided for system 
memory and need not be suppressed at the SMJ9914A. 
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DMA write operation 


am 
1 
| 


WE 
| | 
+ suri > 
ACCGR | | / 
le tsuiDBIN) un a ee le 
DBIN | 


| | 
; 
(@ 'su(DA) 1e— thiDa)'—e 


ke—$ tsu(a)' —o] | 
— thipa)' * 


DO-D7 VALID DATA 


"tsuiDA)and th(pa) are only applicable to the first signal to become inactive, whether it is WE or ACCGR. 


source handshake timing characteristics over full range of operating conditions (see Note 4) 


Delay of DAV true from end 


td] of write operation to Short T1 (see Note 5) 8(d)T 8(o)T + 310 
data out register Very short T (see Note 5) 4()T 4(¢)T + 310 


Delay of valid GPIB 
data lines from end of 
write cycle 


tq3 Delay of BO interrupt from DAC true BO interrupt unmasked 


NOTES: 4. The timing of the source handshake is the same whether ATN is true or false; i.e., whether the device is in TACS, CACS, or SPAS. 
5. A very short bus settling time (T1) occurs on the second and subsequent data byte when ATN is false if the ‘‘vstd1'’ feature 
is set. A slightly longer bus settling time takes place if ‘‘std1’’ is set unless there is a very short bus settling time. In all other 

instances, a normal bus settling time occurs. 
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acceptor handshake timing characteristics over full range of operating conditions 


PARAMETER TEST CONDITIONS MIN MAX UNIT 


BI interrupt unmasked, 


Delay of BI interrupt 
td6 ee ATN = false, 2h)? —s-2Ap)t_ + 415 


device in LACS 


; Delay of ACCRQ from ATN = false, 21¢)1 21b)t _— 
fe 
d7 DAV true device is in LACS 
Delay of NDAC false ATN = false, 
td8 se 3(d)T 3(¢)t + 445 
from DAV true device in LACS 


Delay of NRFD false from 
; ATN = false, 
tdg end of read operation yo. 220 
device is in LACS 
of Data-In register 


from DAV true 


UNC interrupt only 5(p)T 5(d)t + 415 


Delay of NDAC fal cou eae 
elay o alse 
td11 J device not in CACS, 7(p)t 7(p)t + 415 
from DAV true DAC holdoff 
no oldo 


Delay of NDAC false 
td12 from end of write 230 
operation 


Delay of NRFD false ATN = true, 


t 
d13 from DAV false device not in CACS 


ATN = false, 
device not in CACS, 
Delay of interface ; 
all interface 
td10 message interupt 2(p)T 2(o)T + 415 ns 
message interrupts 
from DAV true 
(except UNC) 


NOTE 6: The interrupts generated by interface messages are shown in Table 3-15 of the TMS9914A General Purpose Interface Bus (GPIB) 
Controller Data Manual (MPO33A). 


ATN, EOI, and IFC timing characteristics over full range of operating conditions 


td18 Delay of NRFD true from ATN false Device is in LADS/LACS 
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controller timing characteristics over full range of operating conditions 


PARAMETER TEST CONDITIONS 


Delay of ATN true 
td20 from end of tca 
auxiliary command 


Delay of BO interrupt 
td21 from end of tca 


auxiliary command 
Delay of ATN true 
tq22 from end of tcs 


BO unmasked, 
device is in ANRS 


auxiliary Command 
Delay of BO interrupt 


BO unmasked, 


t from end of tcs 
d23 esl device is in ANRS 


auxiliary command 


Delay of EOI true from 
td24 - 230 ns 
rpp auxiliary command set 
Delay of EOI! false from 
td25 = 
rpp auxiliary command set 


Delay of BO interrupt from rpp 
t ' BO unmasked 8tc(O 10(@)t + 415 
d26 c(O) 
auxiliary Command cleared 
Delay of ATN false from 
td27 7 Device is not in SDYS or STRS 
gts auxiliary command 
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a 
SMJ9914A source and acceptor handshake timing(s) 


| 
DIO8-DI01 | x 
| 
| 
INT J | \ 
, Lets (SEE NOTE 7) 


, aa —— 
ACCRO rf i\ | \ 
| 


ACCGR \ y | 
DAV ' | 
| | 
| 
NDAC , \ , 
ai r\ a 
| | 


je-tug—e| (SEE NOTE 8) 
ACCRO | \ / , 
| 


ACCGR \ ‘| 


mowvcreomn 


morose mMmao Pp 


NOTES: 7. The interrupt line is taker: low by a BO interrupt. 
8. The interrupt line is taken low by a BI interrupt. 
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SMJ9914A acceptor handshake timing “‘ATN’’ true 


DIO8-DIO1 x 


moODCON 


e-------5 


NDAC 7" (SEE NOTE 9) | 


DOnAUGMAQpPp 


READ INTERRUPT WRITE dacr TO 
STATUS AUXILIARY 


COMMAND REGISTER 


NOTE 9: The broken line shows the waveform if there is no DAC holdoff. The solid lines assume there is a DAC holdoff. 


TEXAS 4 


INSTRUMENTS 


14-324 POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


SMJ9914A 
GPIB CONTROLLER 


SMJ9914A response to ‘ATN’ and ‘EOI’ 


EOI | \ , 
| | 
| | 
TE | : F | \ 
, | 
NRFD | — / | \ } 
| | HI-Z L 
sone as potas HZ \ 
| | 
DAV / % | 


DIO8-DIO1 


| 
IFC (SEE NOTE 11) | 


NOTES: 10. This assumes that an RFD holdoff occurs. 
11. IFC causes the SMJ9914A to be unaddressed and an IFC interrupt occurs. 
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SMJ9914A controller timing 


taz7-fo—| 


ATN \ | / 


> ta20, ta22 eet tas 


L_] L_] |__| L_jJL_] 


WRITE READ INT CLEAR WRITE 
tcs or tca STAT 0 rpp gts 


NOTE 12: A BO interrupt occurs as the SMJ9914A enters CACS. 
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Advanced LinCMOS™ Silicon-Gate J PACKAGE 


Technology (TOP VIEW) 
Easily Interfaced to Microprocessors OUT1 [}1 
; OUT2 [ }2 
On-Chip Data Latches GNb [713 
Monotonicity Over Entire A/D Conversion DB7 | ja 
Range DB6 [ |5 
DB5[ |e6 


@® Segmented High-Order Bits Ensure Low- 


Glitch Output DB3 [| 


@ Designed to be Interchangeable with Analog 


Devices AD7524, PMI PM-7524, and Micro FK PACKAGE 
Power Systems MP7524 (TOP VIEW) 

NN = 
@ Fast Control Signaling for Digital Signal 5 5G Oe 
Processor Applications Including Interface OO2cacean 


KEY PERFORMANCE SPECIFICATIONS DB7[]5 170 WR 


Resolution 8 Bits NC [J6 16U NC 
Linearity error % LSB Max DB6 [{} 7 15 CS 


Power dissipation DB5 {}8 
5 mW Max 


at Vpp = 5 V 
Settling time 100 ns Max t$MONeH 
Propagation delay 80 ns Max ral > < rs a 
description NC —No internal connection 


The AD7524M is an Advanced LinCMOS™ 8-bit digital-to-analog converter (DAC) designed for easy interface 
to most popular microprocessors. 


The AD7524M is an 8-bit multiplying DAC with input latches and with a load cycle similar to the ‘‘write’’ 
cycle of a random access memory. Segmenting the high-order bits minimizes glitches during changes in 
the most-significant bits, which produce the highest glitch impulse. The AD7524M provides accuracy to 
¥% LSB without the need for thin-film resistors or laser trimming, while dissipating less than 5 mW typically. 


Featuring operation from a 5-V to 15-V single supply, the AD7524M interfaces easily to most microprocessor 
buses or output ports. Excellent multiplying (2 or 4 quadrant) makes the AD7524M an ideal choice for 
many microprocessor-controlled gain-setting and signal-control applications. 


The AD7524M is characterized for operation from —55°C to 125°C. 


Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 
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functional block diagram 


VppD 


RFB 


OUT1 


OUT2 


GND 


DATA INPUTS 


operating sequence 
——— ‘su(CS) Pg _p} — th(CS) 
| \ 
—_ 1 ' 
cs \ | / 


| 
i _ tw(wR)——_ >| 
1 | 


| 
= ene | 
}¢— tsu(D) —> 


¢—>— thiD) 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SY VONSNG,. VIN) 6-4 bo eee db wee e eb eH E SEES KORO REE SHAE Ss HOS Fe hE OES ES —-0.3 Vto 17 V 
Voltage between Rea and GND .665 scenes tee a KEE EEE EK ORE LEK ee REE +25 V 
Digital WOME WOITSGG, VE ns cece te ee rs eS OE ee BSH 8 —0.3 V to Vpp + 0.3 V 
RETSIeNiCe VONEGE, Vrah 2-5 ce cic ee eee Seb eee ee RRS Dee T HE HRD EEE CE RS CRORE E HD +25 V 
Peak digital input Current Waka cak ec ed ese oe eae oes eo kee MDE D BE SOE ewe eRe Re EH E 10 pA 
Operating free-air temperature range ........... 0. ee ee —655 °C ta 125 °C 
Storage Temperature PANGS «wesc ek He RN HEHE CRED OR WER SHO dee ees =65"C to 150°C 
Case temperature for 60 seconds: FK package........... 0... cee eee 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 
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recommended operating conditions 


Yoo.= 1% ¥ 
MIN NOM MAX 
Supply voltage, Vpp 14.5 15 15.5 
Reference voltage, Vref #10 
High-level input voltage, ViH 13.5 

Low-level input voltage, Vj, P08 
CS setup time, tsy(cs 


CS hold time, thics 


$ 
Ni 
on 


Data bus input setup time, tsy(p 


Data bus input hold time, thip 


Pulse duration, WR low, twi(wR 


Operating free-air temperature, Tp 


electrical characteristics over recommended operating free-air temperature range, Vref = 10 V, OUT1 
and OUT2 at GND (unless otherwise noted) 


Vpp = 5V Vpp = 15 V 

PARAMETER TEST CONDITIONS 
MIN TYP MAX MIN TYP MAX 
| High-level input Vi=V Full range 
IH current debi 
Low-level input Full range 

He V; = 0 

DBO-DB7 at 0, WR 

Full range +400 + 200 


and CS at OV, 
= 55 


DBO-DB7 at Vpp. Full range + 400 
+ 50 


| 
= = 
OoO|;|-|O 


Output leakage 
kg 


current 


WR and CS at O V, 
25°C +50 
Veop = 2100 


Supply current 


IDD 


Supply voltage sensitivity, 


kK ; 
SVS Again/AVpp 0.002 0.02 0.001 0.02 
C. Input capacitance, 
' _ DBO-DB7, WR, CS 
Output 
capacitance 


O 
Cc 
aa 
NO 
i.e) 
N 
io) 
ue} 
on 


5 
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operating characteristics over recommended operating free-air temperature range, Vref = 10 V, OUT1 
and OUT2 at GND (unless otherwise noted) 


Vcc = 5V | Vpp = 15 V 
PARAMETER TEST CONDITIONS UNIT 
| CMiN MAX [MIN MAX 
S 
S 


%GFSR 
See Note 1 %FSR 


| 
Settling time (to 1/2 LSB) See Note 2 


Gain error 


Propagation delay from digital input to 90% 
; See Note 2 n 
of final analog output current 
Vref = £10 V (100 kHz 


Feedthrough at OUT1 or OUT2 sinewave), WR and CS at 0, %FSR 


DBO-DB7 at O 


Temperature coefficient of gain +0.001 | %FSR/°C 


NOTES: 1. Gain error is measured using the internal feedback resistor. Nominal Full Scale Range (FSR) = Vref — 1 LSB. 
2. OUT1 load = 100 Q, Cey¢ = 13 pF, WR at O V, CS at O V, DBO-DB7 at 0 V to Vpp or Vpp to O V. 


PRINCIPLES OF OPERATION 


The AD7524M is an 8-bit multiplying D/A converter consisting of an inverted R-2R ladder, analog switches, 
and data input latches. Binary weighted currents are switched between the OUT1 and OUT2 bus lines, 
thus maintaining a constant current in each ladder leg independent of the switch state. The high-order 
bits are decoded and these decoded bits, through a modification in the R-2R ladder, control three equally 
weighted current sources. Most applications only require the addition of an external operational amplifier 
and a voltage reference. 


The equivalent circuit for all digital inputs low is seen in Figure 1. With all digital inputs low, the entire 
reference current, lref, is switched to OUT2. The current source I/256 represents the constant current 
flowing through the termination resistor of the R-2R ladder, while the current source likg represents leakage 
currents to the substrate. The capacitances appearing at OUT1 and OUT2 are dependent upon the digital 
input code. With all digital inputs high, the off-state switch capacitance (30 pF maximum) appears at OUT2 
and the on-state switch capacitance (120 pF maximum) appears at OUT1. With all digital inputs low, the 
situation is reversed as shown in Figure 1. Analysis of the circuit for all digital inputs high is similar to 
Figure 1; however, in this case, lref would be switched to OUT1. 


Interfacing the AD7524M D/A converter to a microprocessor is accomplished via the data bus and the CS 
and WR control signals. When CS and WR are both low, the AD7524M analog output responds to the data 
activity on the DBO-DB7 data bus inputs. In this mode, the input latches are transparent and input data 
directly affects the analog output. When either the CS signal or WR signal goes high, the data on the 
DBO-DB7 inputs are latched until the CS and WR signals go low again. When CS is high, the data inputs 
are disabled regardless of the state of the WR signal. 


The AD7524M is capable of performing 2-quadrant or full 4-quadrant multiplication. Circuit configurations 
for 2-quadrant or 4-quadrant multiplication are shown in Figures 2 and 3. Input coding for unipolar and 
bipolar operation are summarized in Tables 1 and 2, respectively. 
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PRINCIPLES OF OPERATION 


RFB 
> R 
OUT1 
lef —> 
REF OUT2 


TO pF 


FIGURE 1. AD7524M EQUIVALENT CIRCUIT WITH ALL DIGITAL INPUTS LOW 


Vref VDD 


Ra = 2ki 
(See Note 3) 


DBO-DB7 ae 


C (See Note 4) 


OUTPUT 


S| 3 
an 


FIGURE 2. UNIPOLAR OPERATION (2-QUADRANT MULTIPLICATION) 


Vref VpD 
20 kQ 

Ra = 2k2 Rp 20 kQ 
(See Note 3) 

C 

(See Note 4) OUTPUT 

DBO-DB7 rae 10 kQ 
5 kQ 


=| 2 
vi Nn 


FIGURE 3. BIPOLAR OPERATION (4-QUADRANT OPERATION) 


NOTES: 3. Ra and Rp used only if gain adjustment is required. 
4. C phase compensation (10-15 pF) is required when using high-speed amplifiers to prevent ringing or oscillation. 
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NOTES: 


Table 1. Unipolar Binary Code 


DIGITAL INPUT 
(SEE NOTE 5) ANALOG OUTPUT 


MSB 
109177 


10000001 ~Vre¢ (129/256) 


10000000 ~ Vref (128/256) = 


011111 


00000001 — Vref (1/256) 
00000000 0 


oO: LSB 
6. LSB 


PRINCIPLES OF OPERATION 


DIGITAL INPUT 

MSB LSB 
TUTTI 
10000001 
10000000 
01111111 
00000001 
00000000 


LSB 


Vref (127/128) 
Vref (1/128) 

O 
— Vref (1/128) 
— Vref (127/128) 
~ Vref 


11 ~ Vref (127/256) 


= 1/256 (Vref). 
= 1/128 (Vref). 


microprocessor interfaces 


14-332 


DATA BUS 


DBO-DB7 


OUT1 


R AD7524M 


OUT2 


CS 


DECODE 
LOGIC 


ADDRESS BUS 


FIGURE 4. AD7524M—2Z-80A INTERFACE 


DATA BUS 


DBO-DB7 


OUT1 


R AD7524M 
OUT2 


cs 


DECODE 
LOGIC 


IN 


ADDRESS BUS 


FIGURE 5. AD7524M—6800 INTERFACE 
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AD7524M 
Advanced LinCMOS™ 8-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 


microprocessor interfaces (continued) 


ADDRESS BUS > | 


DECODE 
LOGIC 


cs 
OUT1 


WR AD7524 


OUT2 


DBO-DB7 


ADO-AD7 ADDRESS/DATA BUS 


FIGURE 6. AD7524M—8051 INTERFACE 
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Advanced LinCMOS™ Silicon-Gate J PACKAGE 


Technology (TOP VIEW) 
Easily Interfaced to Microprocessors ) 201] OUTB 
On-Chip Data Latches '9| ] RFBB 
18] ] REFB 
Monotonic Over the Entire A/D Conversion 1711] Vpp 
Range 161] WR 
@ Designed to be Interchangeable with Analog 15s{ | CS 
Devices AD7528 and PMI PM-7528 ne DBO (LSB) 
13] |DB1 
@ Fast Control Signaling for Digital Signal 121] pB2 
Processor Applications Including Interface 71 DB3 
with SMJ320 
FK P 
KEY PERFORMANCE SPECIFICATIONS neha 
Resolution 8 bits 
Linearity Error 1/2 LSB << SF a 
Power Dissipation at Vpp 5 mW ae 5 = 5 oa 
Settling Time at Vpp = 5 100 ns Sac 
3 2 1 20 
Propagation Delay at Vpp 80 ns 
REFA {J 4 18|] REFB 
description DGND [5 174 VoD 
. ae DACA/DACB [)6 16] WR 
The AD7528M is a dual 8-bit digital-to-analog (MSB)DB7 1] 7 15] GS 


converter designed with separate on-chip data pBe Ns 14] DBO(LSB) 
latches and featuring excellent DAC-to-DAC 9 10111213 
matching. Data is transferred to either of the two to 
DAC data latches via a common 8-bit input port. Oooo o 
aBaqagaea 


Control input DACA/DACB determines which 
DAC is to be loaded. The ‘‘load’’ cycle of the 
AD7528M is similar to the ‘‘write’’ cycle of a random-access memory, allowing easy interface to most 
popular microprocessor buses and output ports. Segmenting the high-order bits minimizes glitches during 
changes in the most significant bits, where glitch impulse is typically the strongest. 


The AD7528M operates from a 5-V to 15-V power supply and dissipates less than 15 mW (typical). 
Excellent 2- or 4-quadrant multiplying makes the AD7528M a sound choice for many microprocessor- 
controlled gain-setting and signal-control applications. 


The AD7528M is characterized for operation from —55°C to 125°C. 


Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 


Copyright © 1989, Texas Instruments Incorporated 


PRODUCTION DATA documents contain information . 
current as of publication date. Products conform to || 
specifications per the terms of Texas Instruments TEXAS 

standard warranty. Production processing does not | 

necessarily include testing of all parameters. NST RUM ENTS 
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functional block diagram 


14 
0! ) 
(13) 
(12) 
(11) 


DB 


DATA 
INPUTS 


INPUT 
(10) | BUFFER 
(9) 


(8) 


pB7 (7) 


a (6) 
DACA/DACB 


—. (16) | LOGIC 
“| (45) | CONTROL 


operating sequence 


lt ——— tsuics) ——}e— + thc) 


cs | 


}¢———tsu(Dac) 9 + t(D) 
| | 
DACA/DACB | 


k¢—twiwr)—>1 
| 


tu) —pfert thio) 
DBO-DB7 DATA IN STABLE 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vpp (to AGND or DGND) ................. 00.000. eee -0.3Vto 17 V 
Voltage between AGND and DGND....... 2... 2... ee +Vpp 
put voltages, V\ (to DGND) .cicwaccnces benenseteeacnexeuueeanaar —-0.3 V to Vpp + 0.3 V 
Reference voltage, VrefA or VrefB (to AGND).... 2... 20.0.0... ee £25 V 
Feedback voltage, VRFBRA or VRFBB (to AGND) ............ 0.02 ce ee ee +25 V 
Cutput voltage, VOA OF VOR TO AGND) 6 oc vee cide eet ed ee een eee aes wee ew eee SG £25 V 
Pegn, Wide CONG «seu Sees pa eh owe REE EES SORE OR 66 COON TE OL See REESE ER HES 10 pA 
Operating free-air temperature range ...... 20... 20... ee —-55°C to 125°C 
Storage temperature range ... 2... nc es ee ee eee ewe —-65°C to 150°C 
Case temperature for 60 seconds: FK package............. 0.00 eee ee eee 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 


recommended operating conditions 


[MIN NOM MAX_ 
[Reference voltage, VitaorVieia——SC=~“~*~“‘*~*‘“‘“‘iSSCSC“‘a ICCC‘ INNC*” 
[High-level input voltage, Vij SCSC=“~*~“~*~*~‘“‘~*dCSCASSSCSC“‘CN’SC#*U‘SVSSOOCOC*C*~“‘C*W 
[Low-level input voltage, Vy ——SSSC~“~“‘“‘“*~*S*~‘“‘“‘~SSCSC“‘CSNSC#C*‘éSYSOOOCOC“‘CSCC#NSS 
|CSsetuptime tics) ——‘iLSSCO 
[EThold time, tyes) SSC“~*“‘*~*~“‘“‘“‘~;SS*dCSCSCSSCSCSC~C~* 
[s0S 
a 
[25S 
a 


Von = 4.75 V to 5.25 V1 Von = 14.5 V to 15.5 V 
DD wel nM We UNIT 


| ons | 
Tas 
Tas 
a 
[as 


Pulse duration, WR low, tw(wr) p50 pons | 
Oo 


Dperting teaetr tampardiuta, TA | =65. 186 | —6s 125 


+10 
5 
50 


+10 
2.4 
10 
25 
—55 125 
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electrical characteristics over recommended operating temperature range, VrefA = VrefB = 10 V, 
VOA and Vog at O V (unless otherwise noted) 


PARAMETER TEST CONDITIONS DD op UNIT 
pA 


ee 35°C Za 
ia faamesiuncaleaes ics |25°C 

cevenihiania uae 25°C = 
" : _ [25°C | : 


Reference input impedance 
(Pin 15 to GND) 
DAC data latch loaded with 
OUTA 
00000000, VrefA = +10 V 
DAC data latch loaded with 
OUTB 
00000000, Vrefgp = +10 V 
Input resistance match 
(REFA to REFB) 
DC supply sensitiv Full 
Supply sensitivity Vpp = +10% ull Range % /% 
Again/AVpp 25°C ‘ 


Quiescent DBO-DB7 at Viymin or Vi,max 


DBO-DB7 at 0 Vor V Pull Range 
fancied. co 
25°C 


80-087 1 10 


C Output capacitance DAC Data latches loaded with OOOO0QOO00O0 
° — (QUTA, OUTB) 


DAC Data latches loaded with 11111111 


lIkg Output leakage current 


25°C 


Full Range + 200 
25°C £50 
nA 


+ 
— 
rs 
H+ 
> 
S 


| Supply current 
DD iii Standby 


Cj Input capacitance 
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operating characteristics over recommended operating free-air temperature range, 
VrefA = VrefB = 10 V. VOA and Vog at O V (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


TineartyerorOSCSC—“~*~“—s*‘“‘“RSSC“‘CNNCOCOC#C“‘“NNSC“SCN*NC#NNNNW nb: WESC—~C 
Setting time (t0 1/2 186) 
LSB 


Full Range 
Gain error See Note 2 
REFA to OUTA Full Range 

AC feedthrough See Note 3 
REFB to OUTS 


Temperature coefficient of gain 


Propagation delay (from digital input to 
See Note 4 
90% of final analog output current) 


Measured for code transition from 
Digital-to-analog glitch impulse area 00000000 to 11111111, 

Ta = 25°C 

Measured for code transition from 
Digital crosstalk glitch impulse area 00000000 to 11111111, 

Ta = 25°C 


NOTES: 1. OUTA, OUTB load = 100 2, Cex¢ = 13 pF; WR and CS at O V; DBO-DB7 at O V to Vpp or Vpp to O V. 

2. Gain error is measured using an internal feedback resistor. Nominal Full Scale Range (FSR) = Vref — 1 LSB. 

3. Vref = 20 V peak-to-peak, 100-kHz sine wave; DAC data latches loaded with OOOOOOO. 

4. VrefA = VrefB = 10 V; OUTA/OUTB load = 100, Cey¢ = 13 pF; WR and CS at O V; DBO-DB7 at 0 V to Vpp or Vpp to O V. 
5 

6 


. Both DAC latches loaded with 11111111; Vrefa = 20 V peak-to-peak, 100-kHz sine wave; Vrefp = O. 
. Both DAC latches loaded with 11111111; Vrefg = 20 V peak-to-peak, 100-kHz sine wave; VrefA = O. 


principles of operation 


The AD7528M contains two identical 8-bit multiplying D/A converters, DACA and DACB. Each DAC consists 
of an inverted R-2R ladder, analog switches, and input data latches. Binary-weighted currents are switched 
between DAC output and AGND, thus maintaining a constant current in each ladder leg independent of 
the switch state. Most applications require only the addition of an external operational amplifier and voltage 
reference. A simplified D/A circuit for DACA with all digital inputs low is shown in Figure 1. 


Figure 2 shows the DACA equivalent circuit. A similar equivalent circuit can be drawn for DACB. Both 
DACs share the analog ground pin 1 (AGND). With all digital inputs high, the entire reference current flows 
to OUTA. A small leakage current (I|kg) flows across internal junctions, and as with most semiconductor 
devices, doubles every 10°C. Co is due to the parallel combination of the NMOS switches and has a value 
that depends on the number of switches connected to the output. The range of Co is 50 pF to 120 pF 
maximum. The equivalent output resistance ro varies with the input code from O.8R to 3R where R is 
the nominal value of the ladder resistor in the R-2R network. 


Interfacing the AD7528M to a microprocessor is accomplished via the data bus, CS, WR, and DACA/DACB 
control signals. When CS and WR are both low, the AD7528M analog output, specified by the DACA/DACB 
control line, responds to the activity on the DBO-DB7 data bus inputs. In this mode, the input latches are 
transparent and input data directly affects the analog output. When either the CS signal or WR signal 
goes high, the data on the DBO-DB7 inputs is latched until the CS and WR signals go low again. When 
CS is high, the data inputs are disabled regardless of the state of the WR signal. 


The digital inputs of the AD7528M provide TTL compatibility when operated from a supply voltage of 
5 V. The AD7528M may be operated with any supply voltage in the range from 5 V to 15 V, however, 
input logic levels are not TTL compatible above 5 V. 
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RFBA 


FIGURE 2. AD7528M EQUIVALENT CIRCUIT, DACA LATCH LOADED WITH 11111111 


MODE SELECTION TABLE 


DACA/ | — 
CS DACA | DACB 
DACB 
L 


H 
X 
X 


L = low level, H = high level, X = don't care 
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APPLICATION DATA 


The AD7528M is capable of performing 2-quadrant or full 4-quadrant multiplication. Circuit configurations 
for 2-quadrant and 4-quadrant multiplication are shown in Figures 3 and 4. Input coding for unipolar and 
bipolar operation are summarized in Tables 1 and 2, respectively. 


Vi(A) 
+10V 


R1 (See Note 1) R2 (See Note 1) 


RFBA 
(14), DBO REFA 
° INPUT 
e | e 
e e BUFFER VoA 
(7) DB7 
j DACA/ 
(6) _DACB 
(15) °CS CONTROL C2 (See Note 2) 
(16) "WR LOGIC 
(5) Vos 
DGND 
= ti eeterenty Ee RE oe Slane eR OR eae eet TE oe 
= AGND 
RECOMMENDED TRIM R3 (See Note 1) 
RESISTOR VALUES 
Vi(B) 
R1,R3 5000 +10V 


R2, R4 150 Q 


NOTES: 1. R1, R2, R3, and R4 are used only if gain adjustment is required. See table for recommended values. Make gain adjustment 
with digital input of 255. 
2. C1 and C2 phase compensation capacitors (10 pF to 15 pF) are required when using high-speed amplifiers to prevent ringing 
or oscillation. 


FIGURE 3. UNIPOLAR OPERATION (2-QUADRANT MULTIPLICATION) 
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APPLICATION DATA 


Vi(A) 
+10V R6 (See Note 2) 


R1 (See Note 1) 
R2 (See Note 1) 


17) 
Vpp: 


(14) * DBO 
| e INPUT 


R5 
i 
e BUFFER ee 
| ACH, 
(6) loace 
(15) §'CS CONTROL S 
(16) | WR LOGIC 
VoB 


C2 (See Note 3) R 


(See Note 2) 
wre 


(See Note 2) 
R10 


(5) 


DGND 
EL 


= AGND 


R12 
5 kQ 


R3 (See Note 1) 


20 kQ2 


+10 V 
Vi(B) 


FIGURE 4. BIPOLAR OPERATION (4-QUADRANT OPERATION) 


NOTES: 1. R1, R2, R3, and R4 are used only if gain adjustment is required. See table in Figure 3 for recommended values. Adjust R1 
for Voa = 0 V with code 10000000 in DACA latch. Adjust R3 for Vogp = O V with 10000000 in DACB latch. 
2. Matching and tracking are essential for resistor pairs R6, R7, RY, and R10. 
3. C1 and C2 phase compensation capacitors (10 pF to 15 pF) may be required if Al and A3 are high-speed amplifiers. 


TABLE 1. UNIPOLAR BINARY CODE TABLE 2. BIPOLAR (OFFSET BINARY) CODE 


DAC LATCH CONTENTS 
MSB_iLSBt 
11111111 V; (127/128) 
10000001 V; (1/128) 


DAC LATCH CONTENTS 
MSB-~ LsBt 

11111111 —V; (255/256) 

10000001 —~V; (129/256) 


ANALOG OUTPUT ANALOG OUTPUT 


10000000 OV 
01111111 —Vj (1/128) 
00000001 =—Vi (1277128) 
00000000 —Vj (128/128) 


10000000 ~Vj (128/256) = -V;/2 
01111111 —Vj (127/256) 
00000001 —Vj (1/256) 
00000000 ~Vj; (0/256) = 0 


T1LSB = (2-8); +4 LSB = (2-7)V; 
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APPLICATION DATA 


microprocessor interface information 


Nf) 
DACA/DACB 


AD7528M 
i 
LATCH 
Me. 


DATA BUS 


WR 
DBO 
® 
e 
DB7 


NOTE: A = decoded address for AD7528M DACA. 
A+1 = decoded address for AD7528M DACB. 


FIGURE 5. AD7528M — INTEL 8051 INTERFACE 


ADDRESS BUS 


ADDRESS 
DECODE 
LOGIC 


DATA BUS 


NOTE: A = decoded address for AD7528M DACA. 
A+1 = decoded address for AD7528M DACB. 


FIGURE 6. AD7528M — 6800 INTERFACE 
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APPLICATION DATA 


ww — 


ADDRESS 
DECODE 
LOGIC 


NOTE: A = decoded address for AD7528M DACA. 
A+1 = decoded address for AD7528M DACB. 


FIGURE 7. AD7528M TO Z-80A INTERFACE 
programmable window detector 


The programmable window comparator shown in Figure 8 will determine if voltage applied to the DAC 
feedback resistors are within the limits programmed into the AD7528M data latches. Input signal range 
depends on the reference and polarity, that is, the test input range is O to —Vref. The DACA and DACB 
data latches are programmed with the upper and lower test limits. A signal within the programmed limits 
will drive the output high. 


DATA 
INPUTS 


PASS/FAIL 
OUTPUT 


FIGURE 8. DIGITALLY PROGRAMMABLE WINDOW COMPARATOR (UPPER- AND LOWER-LIMIT TESTER) 
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APPLICATION DATA 


digitally controlled signal attenuator 


Figure 9 shows the AD7528M configured as a two-channel programmable attenuator. Applications include 
stereo audio and telephone signal level control. Table 3 shows input codes vs attenuation for a O to 15.5 dB 


range. 
Attenuation db = — 20 log19 D/256, D = digital ilnput code 
(17) (3) 
V 
DD esa (~ RFBA 
(4) OUTA 
VinA joaca OUTPUT 


av, 


7S DATA BUS 
(15) 
(16) 


DBO 
® 
e 
AD7528M DB7 
cs 
WR 
(6) 
(18) 


(20) 
VoB—€ <4 


V 
V_ | RFBB 
(19) 


FIGURE 9. DIGITALLY CONTROLLED DUAL TELEPHONE ATTENUATOR 


TABLE 3. ATTENUATION vs DACA, DACB CODE 


CODE IN CODE IN 
ATTN(dB) DAC INPUT CODE ATTN(dB) DAC INPUT CODE 
DECIMAL DECIMAL 
O 11111111 255 8.0 01100110 102 
0.5 11110010 242 S.5 01100000 96 
1.0 11100100 228 940 01011011 91 
1.4 11010111 215 3.5 01010110 86 
20 11001011 203 10.0 01010001 81 
2.9 11000000 192 10.5 01001100 76 


3 10110101 181 110 01001000 2 


3.5 10101011 171 11.8 01000100 68 


4.0 10100010 162 12.0 01000000 64 
6 


4.5 10011000 152 12.5 00111101 1 


6.0 10000000 128 14.0 00110011 51 
TQ 01110010 114 15.0 00101110 46 
7.5 01101100 108 15.5 00101011 43 
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_ APPLICATION DATA 
programmable state-variable filter 


This programmable state-variable or universal filter configuration provides low-pass, high-pass, and band- 
pass outputs, and is suitable for applications in which microprocessor control of filter parameters is required. 


As shown in Figure 10, DACA1 and DACB1 control the gain and QO of the filter while DACA2 and DACB2 
control the cutoff frequency. Both halves of the DACA2 and DACB2 must track accurately in order for 
the cutoff-frequency equation to be true. With the AD7528M, this is easily achieved. 


Bids epee 
C ~ 2nR1 C1 


The programmable range for the cutoff or center frequency is 0 to 15 kHz with a O ranging from 0.3 to 
4.5. This defines the limits of the component values. 


C3 


47 pF 

V (4)}REFA OUTA} (2) R5 

| 

(Rs) 
RFBA ) 
AGND}(1) R3 re HIGH PASS 
OUT 
10 kQ 


BANDPASS 
OUT 


LOW PASS 
OUT 


C1 = Co, R71 = R22, Rq = R5 


DACA2 AND DACB2 e R3 Re 
R4 Rfb(DACB1) 
RF 
NOTES: A. Op-amps A1, A2, A3, and A4 are TL287. ig = = Re 


B. C3 compensates for the op-amp gain-bandwidth limitations. 
256 x (DAC ladder resistance) 


C. DAC equivalent resistance equais — 
DAC digital code 


FIGURE 10. DIGITALLY CONTROLLED STATE-VARIABLE FILTER 
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Reliable Silicon-Gate CMOS Technology J PACKAGE 
; TOP VIEW 
Low Power Consumption: : 
Operating Mode . . . 80 mW Typical Vep(]1 W200] vec 
Power-Down Mode... 5 mW Typical PWRO + [ ]2 191 ] GSX 
PWRO — 18] ANLG IN — 
@ Excellent Power Supply Rejection Ratio Over GsR fa aE ANLG IN + 
Frequency Range of O to 50 kHz PON Ts 16h] ANLG GND 
@® No External Components Needed for CLKSEL | J6é 15[ ] ASEL 
Sample, Hold, and Auto-Zero Functions DCLKR | }7 14f ] TSX/DCLKX 
— PCM IN[ ]8 13[] PCM OUT 
Precision Internal Voltage References FSR/TSRE (Jo A ESX/TSXE 
Direct Replacement for AT&T T7513A DGTL GND[}io — 14. ] CLKR/CLKX 
description a: sR 
The TCM29C13M is a single-chip pulse-code- (TOP VIEW) 
modulated encoder and decoder (PCM codec) _ 
and PCM line filter. This device provides all the 2 a he 
functions required to interface a full-duplex Ss Ss a “ a 
(4-wire) voice telephone circuit with a time- om 5 ae Zs 5 as 
division-multiplexed (TDM) system. Primary S27 209 
applications of the devices include: GSR U4 18L] ANLG IN- 
® Digital Encryption Systems PDN UJ 5 17U) ANLG IN + 


@ Digital Voice Band Data Storage Systems CLKSEL [J 6 16} ANLG GND 
® Digital Signal Processing DCLKR J 7 15(] ASEL 


This device is designed to perform the transmit fides oes % ia ~ i Pn 
encoding (A/D conversion) and receive decoding So Sr 
(D/A conversion) as well as the transmit and eeens 
receive filtering functions in a pulse-code- E S5-e? 
modulated system. It is intended to be used at - 2 x x = 
the analog termination of a PCM line or trunk. ~ o 


The TCM29C13M provides the bandpass filtering of the analog signals prior to encoding and after decoding. 
This combination device performs the encoding and decoding of voice and call progress tones as well as 
the signaling and supervision information. 


The TCM29C13M is characterized for operation from —55°C to 125°C. 


y 


Gi ~ Caution. These devices have limited built-in gate protection. The leads should be shorted together or the device 
placed in conductive foam during storage or handling to prevent electrostatic damage to the MOS gates. 


Copyright © 1989, Texas Instruments Incorporated 


PRODUCTION DATA documents contain information , 
current as of publication date. Products conform to ‘} 
specifications per the terms of Texas Instruments ‘TEXAS 
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functional block diagram 


TRANSMIT 
SECTION 


PCM OUT 
OUTPUT 


FILTER 
ANLG IN+ SAMPLE SUCCESSIVE — 
AND HOLD 4 COMPARA- APPROXI- pede hele TSX/DCLKX 
ANLG IN— AND DAC TOR MATION s 
SIGX/ASEL 
GSXx 
ANALOG 
TO DIGITAL 


FSX/TSXE 


LOGIC 


CLKX 


RECEIVE 


SECTION | SECTION 


FILTER | ! CLKSEL 
CONTROL “ 
GSR tail PDN 
BUFFER L — 


DIGITAL PCM IN 
TO ANALOGJ INPUT 
CONTROL REGISTER 
LOGIC DLCKR 


PWRO SAMPLE 
AND HOLD 
AND DAC 


PWRO- 


V V DGTL 
cc “BB ANLG FSR/TSRE 
GND 
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PIN 
DESCRIPTION 
NUMBER NAME 


Most negative supply voltage; input is —5 V +5%. 


Noninverting output of power amplifier. Can drive transformer hybrids or high-impedance loads directly 
in either a differential or a single-ended configuration. 


Inverting output of power amplifier; functionally identical with and complementary to PWRO + 


Input to the gain-setting network on the output power amplifier. Transmission level can be adjusted over 
a 12-dB range depending upon the voltage at GSR. 


Power-down select. The device is inactive with a TTL low-level input to this pin and active with a TTL 
high-level input to the pin. 


CLKSEL Clock frequency selection. Input must be connected to Vgp, Vcc, or ground to reflect the master clock 
frequency. When tied to Vgp, CLK is 2.048 MHz. When tied to ground, CLK is 1.544 MHz. When tied 
to Vcc, CLK is 1.536 MHz. 


Selects fixed or variable data-rate operation. When this pin is connected to Vgp, the device operates in 


the fixed-data-rate mode. When DCLKR is not connected to Vgp, the device operates in the variable-data- 


rate mode, and DCLKR becomes the receive data clock, which operates at frequencies from 64 kHz to 
2.048 MHz 


PCM IN Receive PCM input. PCM data is clocked in on this pin on eight consecutive negative transitions of the 
receive data clock, which is CLKR in fixed-data-rate timing and DCLKR in variable-data-rate timing. 


FSR/TSRE Frame synchronization clock input/time slot enable for receive channel. In the fixed-data-rate mode, FSR 
distinguishes between signaling and non-signaling frames by a double- or single-length pulse, respectively. 
In the variable-data-rate mode, this signal must remain high for the duration of the timeslot. The receive 
channel enters the standby state when FSR is TTL low for 300 ms. 


DGTL GND Digital ground for all internal logic circuits. Not internally connected to ANLG GND. 


CLKR Receive master clock and data clock for the fixed-data-rate mode. Receive master clock only for variable- 
data-rate mode. CLKR and CLKX are internally connected together. 


CLKX Transmit master clock and data clock for the fixed-data-rate mode. Transmit master clock only for variable 
data rate mode. CLKR and CLKX are internally connected. 


FSX/TSXE Frame synchronization clock input/time-slot enable for transmit channel. Operates independently of, but 
in an analagous manner ta, FSR/TSRE. The transmit channel enters the standby state when FSX is low 
for 300 ms. 


PCM OUT Transmit PCM output. PCM data is clocked out on this output on eight consecutive positive transitions 
of the transmit data clock, which is CLKX in fixed-data-rate timing and DCLKX in variable-data-rate timing. 


Transmit channel time slot strobe (output) or data clock (input) for the transmit channel. In the fixed-data- 
rate mode, this pin is an open-drain output to be used as an enable signal for a three-state buffer. In the 
variable-data rate mode, DCLKX becomes the transmit data clock, which operates at TTL levels from 64 kHz 
to 2.048 MHz. 


SIGX/ASEL Used to select between A-law and y-law operation. When connected to Vpp, A-law is selected. When 
connected to Vcc or ground, p-law is selected. 


ANLG GND Analog ground return for all internal voice circuits. Not internally connected to DGTL GND. 
ANLG IN+ Noninverting analog input to uncommitted transmit operational amplifier 
ANLG IN — Inverting analog input to uncommitted transmit operational amplifier 


GSX Output terminal of internal uncommitted operational amplifier. Internally, this is the voice signal input to 
the transmit filter. 


Most positive supply voltage, input is 5 V + 5%. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) ..... 0.0.0... ee ee —-0.3 Vto 15 V 
PO ge ah. oe a ee er —-0.3 V to 15 V 
UE WOU, VE ccc t scene coke e VA oe Se eee eww eS EOE OE ew Kee wes -0.3 V to 15 V 
Digital GPOUNG VOMAGS ose kvuw ee be G8 det Eee eS ON EWA RENE ES ERE ES =—0.3 ¥ te 15 ¥ 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2)....... 1375 mW 
Operating free-air temperature range .......... 0.000 ce ee =—55 °C ta 125°C 
Storage temperature range ........... ce ee ee =65°C to 150°C 


NOTES: 1. Voltage values for maximum ratings are with respect to Vpp. 
2. For operation above 25°C free-air temperature, derate linearly to 770 mW at 80°C at the rate of 11 mW/°C. 


recommended operating conditions (see Note 3) 


rT 
V 
V 
V 


[Ves Supply voltage OCSC“~sS*C“‘“s*S*S*~“‘“~*~“‘“‘“‘*S™~™~*~*i TBC“ BT VC 
[_DGTL GND voltage with respecttoAMLGGNDOSOC~—“—sS*~—“‘—S*~‘“‘“‘<;zYSS:SCSCOCdC 
[Vi High-level input voltage, all inputs except CLKSEL_——SSC~“‘“SCS*‘“‘“‘SCSC™C*#*d'SCODSC*=“‘CNSCNC#dU'“=COWSC‘(d 
Vi, Low-level input voltage, all inputs except CLKSEL——=SC=~“~*“~*S*“SS*~C“‘“dRSC“‘CSNSC#‘é SY 
For 2.048 MHz 

For 1.544 MHz fF  60)t—SH TV 


For 1.536 MHz Vec—-90.5 Voc 


Clock select input voltage 


TA Operating free-air temperature 


NOTES: 3. To avoid any possible damage and reliability problems to these CMOS devices when applying power, the following sequence 
should be followed: 
(1) Connect ground 
(2) Connect the most negative voltage 
(3) Connect the most positive voltage 
(4) Connect the input signals 
When powering down the device, follow the above steps in reverse order. If the above procedure cannot be followed, connect 
a diode between Vgp and digital ground, cathode to DGND, anode to Vpp. 
4. Voltages at analog inputs and outputs, Vcc, and Vpp terminals are with respect to the ANLG GND terminal. All other voltages 
are referenced to the DGTL GND terminal, unless otherwise noted. 
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electrical characteristics over recommended operating free-air temperature range, Vcc = 5 V, 
VBeB = -5V 


supply current, fpCLK = 2.048 MHz, outputs not loaded 


Supply current 


FSX or FSR at Vj, after 300 ms 
PDN Vi, after 10 us 


from Vcc 


Operating 
Supply current 
Standby FSX or FSR at Vj, after 300 ms 


from Vpp —— 
Operating 
Power 
a Standby FSX or FSR at Vi, after 300 ms 
dissipation —— 
PON Vi. after 10 xs 


digital interface 


SO 
0 


transmit amplifier input 


common-mode rejection at ANLG INT, ANLGIN= [Vj =-2.17Vt02.17V, sme wave] 60 


receive filter output 


PARAMETER TEST CONDITIONS MIN MAX | UNIT 
Output offset voltage PWRO + (single-ended) Relative to ANLG GND 


NOTE 5# Cj and Cg measurements are measured only for the initial qualification test and after process or design changes that are likely 
to affect capacitance. 


TEXAS 4 
INSTRUMENTS 


POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 14-351 


TCM29C13M 
COMBINED SINGLE-CHIP PCM CODEC AND FILTER 


gain and dynamic range, Vcc = 5 V, VpB = —-5 V, TA = 25°C (unless otherwise noted) 
(see Notes 6, 7, and 8) 


PARAMETER TEST CONDITIONS 
Encoder milliwatt response Signal input = 1.064 V rms for p-law 
(transmit gain tolerance) Signal input = 1.068 V rms for A-law 
Encoder milliwatt response variation 
; ‘ Ta = —55°C to 125°C, Supplies = +5% 
with temperature and supplies 


Digital milliwatt response (receive 
tolerance gain) relative to zero- Output signal = 1 kHz 
transmission level point 


NOTES: 6. Unless otherwise noted, the analog input is a O-dBmO, 1020-Hz sine wave, where 0 dBm0O is defined as the zero-reference 
point of the channel under test. This corresponds to an analog signal input of 1.064 V rms, or an output of 1.503 V rms. 
7. The input amplifier is set for unity gain, noninverting. The digital input is a PCM bit stream generated by passing a O-dBmO, 
1020-Hz sine wave through an ideal encoder. 
8. Receive output is measured single-ended in the maximum-gain configuration. To set the output amplifier for maximum gain, 
GSR is connected to PWRO — and the output is taken at PWRO+. All output levels are (sin x)/x corrected. 


gain tracking over recommended operating free-air temperature range, reference level = —10dBm0O, 
Vcc = 5V., VpB = -5V 


3 to —40 dBmO 
Transmit gain tracking error, sinusoidal input —40 to —50 dBmO 
—50 to —55 dBm0O 


3 to —40 dBmO 


Recei in tracki , Si idal input 
eceive gain tracking error, sinusol Inp —~40 to —50 dBmO 


—50 to —55 dBm0O 


PARAMETER TEST CONDITIONS 
ANLG IN+ = ANLG GND, 
Transmit noise, C-message weighted 
ANLG IN-— = GSX 
r — bh tricall stated ANLG IN+ = ANLG GND, 
ransmit noise, psophometrically weighte ANLG IN— = GSX 
. PCM IN = 11111111 (p-law) 
Receive noise, C-message weighted quiet code 
measured at PWRO + 


Input to PCM IN is zero code with sign bit 


Receive noise, C-message weighted sign bit toggled 
3 a toggled at 1-kHz rate 


Receive noise, psophometrically weighted PCM = lowest positive decode level 
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power supply rejection and crosstalk attenuation over recommended operating free-air temperature 
range, Vcc = 5 V, VBB = -5V 


TEST CONDITIONS 
rita Idle channel, supply signal = 100 mV rms, 
eee siete f measured at PCM OUT 
eninge Idle channel, supply signal = 100 mV rms, 
cen Steet f measured at PCM OUT 


V | It 
CC SuPP ly vow 9° | § = 0.375 to 12 kHz | 
rejection ratio, Idle channel, supply signal = 100 mV rms, 
receive channel f measured at PWRO + 
; f = 12 to 50 kHz 
(single-ended) 
Veep s | Ita 
ee | € = S75 to 12 ke . 
rejection ratio, Idle channel, supply signal = 100 mV rms, 
receive channel f measured at PWRO + 
f = 12 to 50 kHz 
(single-ended) 


ANLG IN+ = O dBmO, f = 1.02 kHz, unity gain, 
PCM IN = 1111 1111 (Quiet Code), 
measured at PWRO + 


Crosstalk attenuation, receive-to-transmit PGM IN = 0 dBm; T = 1.02 khz, 
(single-ended) ANLG IN = GND, measured at PCM OUT 


MIN 
Transmit signal to distortion ratio, sinusoidal input 

ANLG IN+ = —40 to —45 dBmO 
Receive signal to distortion ratio, sinusoidal input aes = ate sound [ar] 


Crosstalk attenuation, transmit-to-receive 
(single-ended) 


ANLG IN+ = -—40 to —45 dBmO 


Transmit single-frequency distortion products Input signal = O dBmO 
input signal = 0 dBmO 


Input tones A = 1015 Hz 2A-B 
Intermodulation distortion, receive e | 2A-B dBmO 
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transmit filter transfer over recommended operating free-air temperature range, VCC = 5 V, 
VBeB = —5V, fixed data rate mode (see Figure 1) 


PARAMETER TEST CONDITIONS | MIN ss MAX | 


=30 
‘acu caster semen aiez 
n m | S run 
| | | nuttin aoe eT -1.8 —0.125 
Gain relative to gain gain, Noninverting maximum gain 
t 1.02 kH taunt, Inge clenel at BAG Te Si mitt 
‘ if signa 
. . en ee ee 3.3 kHz —0.38 0.03 
is O dBmO 
3.4 kHz 1.1 -0.1 
4.6 kHe and above 
transmit filter transfer over recommended operating free-air temperature range, Vcc = 5 V, 
VBB = —5V., variable data rate mode (see Figure 1) 


[PARAMETER [| ~—~—~S~S~CSTEST CONDITIONS. ———~S~*~“*~*~SCi‘éNM AX 


Input amplifier set for unity 


Gain relative to gain 
at 1.02 kHz 


gain, Noninverting maximum gain 
output, Input signal at ANLG IN+ 
is O dBmO 


4.6 kHz and above 


receive filter transfer over recommended operating free-air temperature range, Vcc = 5 V, 
VBeB = —5 V (see Figure 2) 


| 
Input signal at PCM IN 


Gain relative to gain 
. 3.3 kHz 
at 1.02 kHz is O dBmO 
3.4 kHz 
4.6 kHz and above 


clock timing requirements over recommended operating free-air temperature range, VCC = 5 V, 
VBB = —5) V (see timing diagrams) 


PARAMETER MIN TYPt MAX UNIT 


te(CLK Clock period for CLKX, CLKR (2.048-MHz systems) 488 
Clock duty cycle [tw(CLK)/te(CLK)] for CLKX and CLKR 40 50 60 


T All typical values are at Vag = —5 V, Vcc = 5 V, and Ty = 25°C. 
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transmit timing requirements over recommended operating free-air temperature range, variable-data- 
rate mode, Vcc = 5 V, VBB = —5 V (see timing diagrams) 


PARAMETER MIN MAX 
td(TSDX Timeslot delay time from DCLKX (see Note 9) 140 tqiDCLKxX) — 140 


td(FSX) Frame sync delay time 100 te(CLK) — 100 
te(DCLKX Clock period for DCLKX ns 


propagation delay times over recommended ranges of operating conditions, variable-data-rate mode 
Vcc = 5 V, VBB = —5 V (see Note 10 and timing diagrams) 


tpd7 ‘Data delay time from DCLKX Cl < 100 pF fF 0100 | ns 
tpd8 Data delay from timeslot enable to PCM OUT Ci = 100 pF 


tpd9 Data delay from time slot disable to PCM OUT Ci =< 100 pF 


tpd10 Data delay time from FSX td(TSDX) = 80 ns 


receive timing requirements over recommended operating free-air temperature range, variable-data- 
rate mode, Vcc = 5 V, VBB = —5 V (see timing diagrams) 


PARAMETER 
td(TSDR) Timeslot delay time from DCLKR (see Note 11) 140 td(DCLKR) — 14 ns 


td(FSR Frame sync delay time 100 te(CLK) — 100 
to(DCLKR) Data clock frequency 


NOTES: 9. tes_x minimum requirement overrides the tq(TSpxX) Maximum requirement for 64-kHz operation. 
10. Timing parameters tpgg and tpqg are referenced to a high-impedance state. 
11. tESLR Minimum requirement overrides the tq(TSpR) Maximum requirement for 64-kHz operation. 
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CLK, CLKR, and CLKX Selection Requirements for DSP Based Applications 


1) It should be noted that the CLKX, CLKR, CLK must be selected as follows: 


CLK, CLKR, CLKX 
CLKSEL PIN 
(BETWEEN 1.0 MHz to 3.0 MHz) 
= (256) x (Frame Sync Frequency) 


= (193) x (Frame Sync Frequency) 
+5 V = (192) x (Frame Sync Frequency) 


E.G.: For Frame Sync Frequency = 9.6 kHz 


CLK, CLKR, CLKX 
CLKSEL PIN 
(BETWEEN 1.0 MHz to 3.0 MHz) 
= 2.4876 M2 
=1.8528 MHz 
=1.8432 MHz 


2) Corner frequency at 8 kHz Frame Sync Frequency = 3kHz 


Therefore, the corner frequency = (3/8) x (Frame Sync Frequency). (For nonstandard frame sync.) 
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+0.15 dB +0.15 dB +0.03 dB 


300 Hz 300 Hz 3300 Hz 


—0.125 dB 


>S>SR oe 
200 Hz , a, a6 a6 
-—0.15 dB “~0.15 dB 3400 Hz 

300 Hz 300 Hz 


TYPICAL FILTER —0.35 dB 
TRANSFER FUNCTION 3300 Hz 
- 1.0 dB 
3400 Hz 


TYPICAL FILTER 


TRANSFER FUNCTION 
—32 dB 


4600 Hz 
NI 


50 100 1k 
FREQUENCY — Hz 


FIGURE 1. TRANSFER CHARACTERISTICS OF THE TRANSMIT FILTER 
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EXPANDED 
SCALE 


+0.15dB  +0.15 4B +0.15 dB +0.13 dB 
200 Hz 300 Hz 3000 Hz J 3300 “~ 


 —0.10 dB 


-0.15 dB ~0.15 dB 3400 Hz 
300 Hz 3000 Hz Yl 


—0.35 dB 
3300 Hz 
- 1.0 dB 


3400 Hz 


—0.5 dB 
200 Hz 


GAIN RELATIVE TO GAIN AT 1 kHz —dB 


1k 
FREQUENCY — Hz 


NOTE: This is a typical transfer function of the receive filter component. 


FIGURE 2. TRANSFER CHARACTERISTICS OF THE RECEIVE FILTER 
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a LAIN ne 1 ea 


CLKX 1 2 3 4 5 6 7 8 
| l | | | 
| | 
talFSx) ro + a —p| et, tr—pl le | | 
FSX INPUT | | tw(CLK) | 
(NONSIGNALING | \ | }¢———t— tc (CLK) 
FRAMES) | | : 
>| it taiFsx) = MtuReN 


FSX INPUT 
(SIGNALING } \ 
FRAMES) 


FRAME SYNCHRONIZATION TIMING 


¢——_—___—_—_—_—___—_——__TIMESLOT N 2 | 


CLKX 1 2 3 4 5 6 7 8 
| 
| 
tod1 | 
fh le tpa2 > |e thas 
| 
| r 
tpd4 pl ke | —>| Ke toas 
—— | i! 
TSX OUTPUT K l 7 
t Tr 
su(SIGX)->{ le —pl I th (SIGX) 


SIGX INPUT DON’T CARE VALID DON'T CARE 


OUTPUT TIMING 
FIGURE 3. TRANSMIT TIMING (FIXED-DATA-RATE) 


TIMESLOT 1———_______________—_—__—__> 


CLKR : 3 
| | 
| 
td(FSR) ba | trpe | 
— | | > letaiFsr) : alah +r wick) 
(NONSIGNALING | | | ke eck) 
FRAMES) | | 
— > I taiFSR) —>| ketg(FSR) 
(SIGNALING | 
FRAMES) 
FRAME SYNCHRONIZATION TIMING 
TIMESLOT N 
CLKR 1 Z 3 4 5 6 7 8 
tsu(PCM IN) 
ipl thipcm IN) tps —¢— > 
rowin ZR 
BIT 1! BIT 2 BIT 3 BIT 4 BIT 5 BIT 6 BIT 7 BIT 8! 
VALID VALID VALID VALID VALID VALID VALID VALID | 
SIGR OUTPUT VALID x VALID 
INPUT TIMING 


FIGURE 4. RECEIVE TIMING (FIXED-DATA-RATE) 


NOTE: Inputs and driven from 0.45 V to 2.4 V. Time intervals are referenced to 2 V if the high level is indicated and 0.8 V if the low 
level is indicated. 
TBit 1 = MSB = SIGN BIT and is clocked in first on the PCM-IN pin or clocked out first on the PCM-OUT pin. BIT 8 = LSB = LEAST 
SIGNIFICANT BIT and is clocked in last on the PCM-IN pin or is clocked out last on the PCM-OUT pin. 
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—_—_—_—_—_—_—________— TIMESLOT aes 
1 § . 
! v | 
FSX eel 
| 
td(TSDX) : 
~ > \ a ' \ ' \ ’ . H 
DCLKX us 2 \ 3 \ ; ; & p?y f Bu ff 
7 , 
H@— ta (FSX) | | 
| 
atete AOmAMaON: 
CLKX 1 £ 1 F & ? au , fF wg Ye § FN EW 
tpd8—p>| }e- | 
tod7 
—> |*+-tpas 


k¢— tpa10 


a | 
= fan a —— 
remour ——{ sit! } BIT1? ¥ BIT2 {| BiT2 §oBiT3 | BIT 3 BIT4 J BITS 1 Bite } BT7 Y Bitst }- 
A ee | 


FIGURE 5. TRANSMIT TIMING (VARIABLE-DATA-RATE) 


le——$ pt taTspR} | 


| | 
ro —, rm re — | re | re 
DcLKR | 1 — oe ’) a D rs\ | 6 4 a 7\ 48 la 
al a i a | 
| : — le— tiseR) 


| 
> + ta/FSR) | | 


| r~ Fr’. FY. OF 
CLKR aun mo i \ r\ f Ly Vy VS LS oF 
i ae | WW oe 
| 
tsu(PCM oe ke >| le th(PCM IN) 


om BD OZOZODOZC DLO 


BIT BIT BIT BIT pl 
i> 2 5 7 


FIGURE 6. RECEIVE TIMING (VARIABLE-DATA-RATE) 


NOTE: All timing parameters referenced to Vip and Vi, except tpd8 and tpqg, which reference a high-impedance state. 
tBit 1 = MSB = SIGN BIT and is clocked in first on the PCM-IN pin or clocked out first on the PCM-OUT pin. BIT 8 = LSB = LEAST 
SIGNIFICANT BIT and is clocked in last on the PCM-IN or is clocked out last on the PCM-OUT pin. 
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GENERAL OPERATION 


system reliability features 


The TCM29C13M is powered up in four steps: 
Vcc and Vpp supply voltages are applied. 
All clocks are connected. 
TTL high is applied to PDN. 
FSX and/or FSR synchronization pulses are applied. 


On the transmit channel, digital outputs PCM OUT and TSX are held in high-impedance state for 
approximately four frames (500 us) after power up or application of VBB or Vcc. After this delay, PCM 
OUT, TSX, and signaling are functional and will occur in the proper timeslot. The analog circuits on the 
transmit side require approximately 60 ms to reach their equilibrium value due to the autozero circuit settling 
time. Thus valid digital information, such as for on/off hook detection, is available almost immediately, 
while analog information is available after some delay. 


On the receive channel, the digital output SIGR is also held low for a maximum of four frames after power 
up or application of VBR or Vcc. SIGR will remain low until it is updated by a signalling frame. 


To further enhance system reliability, PCM OUT and TSX will be placed in a high-impedance state 

approximately 20 us after an interruption of CLKX. SIGR will be held low approximately 20 ys after an 

interruption of CLKR. These interruptions could possible occur with some kind of fault condition. 
power-down and standby operations 


To minimize power consumption, a power-down mode and three standby modes are provided. 


For power down, an external low signal is applied to the PDN pin. It is not sufficient to remove the high 
voltage to PDN. In the absence of a signal, the PDN pin floats to high and the device remains active. In 
the power-down mode, the average power consumption is reduced to an average of 5 mW. 


The standby modes give the user the option of putting the entire device on standby, putting only the transmit 
channel on standby, or putting only the receive channel on standby. To place the entire device on standby, 
both FSX and FSR are held at low. For transmit-only operation, FSX is high and FSR is held low. For receive- 
only operation, FSR is high and FSX is held low. See Table 1 for power down and standby procedures. 
TABLE 1. POWER DOWN AND STANDBY PROCEDURES 
DEVICE TYPICAL POWER 
PROCEDURE DIGITAL OUTPUT STATUS 
STATUS CONSUMPTION 
a TSX and PCM OUT are in a high-impedance state; 
Power down PDN low 3 mW 7 
SIGR goes to low within 10 us. 
, ; FSX and FSR TSX and PCM OUT are in a high-impedance state; 
Entire device on standby 3 mW a 
are low SIGR goes to low within 300 ms. 
; FSX is low TSX and PCM OUT are placed in a high-impedance 
Only transmit on standby aes 40 mW a 
FSR is high state within 300 ms. 
FSR is low SIGR is placed in a high-impedance state 
| l tandb 30 mW 
FSX is high within 300 ms. 
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COMBINED SINGLE-CHIP PCM CODEC AND FILTER 


fixed-data-rate timing (see Figure 7) 


Fixed-data-rate timing is selected by connecting DCLKR to Vpp. It uses master clocks CLKX and CLKR, 
frame synchronizer clocks FSX and FSR, and output TSX. FSX and FSR are 8-kHz inputs that set the 
sampling frequency and distinguish between signaling and nonsignaling frames by their pulse durations. 
Data is transmitted on the PCU OUT pin on the first eight positive transitions of CLKX following the rising 
edge of FSX. Data is received on the PCM IN pin on the first eight falling edges of CLKR following FSX. 
A digital-to-analog (D/A) conversion is performed on the received digital word and the resulting analog 
sample is held on an internal sample-and-hold capacitor until transferred to the receive filter. 


The clock selection pin (CLKSEL) is used to select the frequency of CLKX and CLKR. The TCM29C13M 
fixed-data-rate mode can operate with frequencies of 1.536 MHz, 1.544 MHz, or 2.048 MHz. 


192/193/256 


OTHER 
}*}*—— TS1X + #-——~t mestots \ —— St 


CLKX a ieee alee on he ea 
12345 & 7 86 123 4 5 67 8 
192/193/256 XMIT SIGNAL FRAME 


Fsx J. (¢ 
B7 Bg SIGX 


PCM OUT __ XOX XKOOOOOCHKH TB BS SSS SS 


B1 Bz B3 Ba Bs Be 


at - Ber OAne 
WGN et Ge 2 ne cena 
BO as tt ec a a Shem KX — — HB EE EE _—_-—— 
DON’T CARE VALID 
eTuer 192/193/256 


a Se lesions 1, Pe Tiles 
ctuKR LU UU UU Us UE UU UU UU LL, 
if 12345 678 


123 4 5 6 7 8 9 
192/193/256 REC. SIGNAL FRAME 


B; B2 B3 Ba Bs Bg B7 Bg B; Bz Bz Bg Bs Bg B7 Bg 


SIGR eee ema eee ee 


PREVIOUS VALUE NEW VALUE 


FIGURE 7. SIGNALING TIMING (FIXED-DATA-RATE ONLY) 
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variable data rate timing 


Variable-data-rate timing is selected by connecting DCLKR to the bit clock for the receive PCM highway 
rather than to Vpp. It uses master clocks CLKX and CLKR, bit clocks DCLKX and DCLKR, and frame 
synchronization clocks FSX and FSR. 


Variable-data-rate timing allows for a flexible data frequency. The frequency of the bit clocks can be varied 
from 64 kHz to 2.048 MHz. The bit clocks must be synchronous in the TCM29C13M. Master clocks are 
restricted to frequencies of operation of 1.536 MHz, 1.544 MHz, or 2.048 MHz as in the fixed-data-rate 
timing mode. 


While FSX/TSXE input is high, PCM data is transmitted from PCM OUT onto the highway on the next 
eight consecutive positive transitions of DCLKX. Similarly, while the FSR/TSRE input is high, the PCM 
word is received from the highway by PCM IN on the next eight consecutive negative transitions of DCLKR. 


The transmitted PCM word will be repeated in all remaining timeslots in the 125 us frame as long as DCLKX 
is pulsed and FSX is held high. This feature, which allows the PCM word to be transmitted to the PCM 
highway more than once per frame, if desired, is available only with variable-data-rate timing. Signaling 
is allowed only in the fixed-data-rate mode because the variable-data-rate mode provides no means with 
which to specify a signaling frame. 


asynchronous operation 


In order to avoid crosstalk problems associated with special interrupt circuits, the design of the TCM29C13M 
includes separate digital-to-analog converters and voltage references on the transmit and receive sides 
to allow completely independent operation of the two channels. 


In either timing mode, the master clock, data clock, and timeslot strobe must be synchronized at the 
beginning of each frame. Specifically, in the variable-data-rate mode the rising edge of CLKX must occur 
within tq(FSX) ns before the rise of FSX, while the leading edge of DCLKX must occur within ttspx ns 
of the rise of FSX. CLKX and DCLKX are synchronized once per frame but may be of different frequencies. 
The receive channel operates in a similar manner and is completely independent of the transmit timing 
(see variable data rate timing diagrams). This approach requires the provision of two separate master clocks 
but avoids the use of a synchronizer, which can cause intermittent data conversion errors. 


precision voltage references 


No external components are required with the devices to provide the voltage references. Voltage references 
that determine the gain and dynamic range characteristics of the device are generated internally. A difference 
in subsurface charge density between two suitably implanted MOS devices is used to derive a temperature- 
and bias-stable reference voltage. These references are calibrated during the manufacturing 
process.Separate references are supplied to the transmit and receive sections, and each is calibrated 
independently. Each reference value is then further trimmed in the gain setting operational amplifiers to 
a final precision value. Manufacturing tolerances can be achieved of typically +0.04 dB in absolute gain 
for each half channel, providing the user a significant margin to compensate for error in other board 
components. 


conversion laws 


The TCM29C13M provides pin-selectable p-law operation as specified by CCITT G.711 recommendation. 
A-law operation is selected when the ASEL pin is connected to VpB. Signaling is not allowed during A-law 
operation. 


The p-law operation is effectively selected by not selecting A-law operation. If the ASEL pin is connected 
to vcc or GND, the device is in u-law operation. If u-law operation is selected, SIGX is a TTL-level input 
that can be used in the fixed data rate timing mode to modify the LSB of the PCM output is signaling frames. 
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transmit operation 
transmit filter 


The input section provides gain adjustment in the passband by means of an on-chip uncommitted operational 
amplifier. the load impedance to ground (ANLG GND) at the amplifier output (GSX) must be greater than 
10 kQ in parallel with less than 50 pF. The input signal on the ANLG IN + pin can be either ac or dc coupled. 
The input operational amplifier can also be used in the inverting mode or differential amplifier mode. 


A low-pass antialiasing section is included on the device. This section provides 35-dB attenuation at the 
sampling frequency. No external components are required to provide the necessary antialiasing function 
for the switched capacitor section of the transmit filter. 


A high-pass section configuration was chosen to reject low-frequency noise from 50- and 60-Hz power 
lines, 17-Hz European electric railroads, ringing frequencies and their harmonics, and other low-frequency 
noise. Even with the high rejection at these frequencies, the sharpness of the band edge gives low 
attenuation at 200 Hz. This feature allows the use of low-cost transformer hybrids without external 
components. 


encoding 


The encoder internally samples the output of the transmit filter and holds each sample on an internal sample 
and hold capacitor. The encoder performs an analog-to-digital conversion on a switched capacitor array. 
Digital data representing the sample is transmitted on the first eight data clocks bits of the next frame. 


The autozero circuit corrects for dc offset on the input signal to the encoder. The autozero circuit uses 
the sign bit averaging technique. The sign bit from the encoder output is long-term averaged and subtracted 
from the input to the encoder. All dc offset is removed from the encoder input waveform. 


receive operation 


decoding 


The serial PCM word is received at the PCM IN pin on the first ight data clock bits of the frame. Digital-to- 
analog conversion is performed and the corresponding analog sample is held on an internal sample-and- 
hold capacitor. This sample is transferred to the receive filter. 


receive filter 


The receive section of the filter provides passband flatness and stopband rejection that fulfills both the 
AT&T D3/D4 specification and CCITT recommendation G.712. The filter contains the required compensation 
for the (sin x)/x response of such decoders. 
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TL7702AM, TL7705AM 
SUPPLY VOLTAGE SUPERVISORS 


D3292, JUNE 1989 


Power-On Reset Generator JG PACKAGE 
(TOP VIEW) 


Automatic Reset Generation After Voltage 
Drop 


@ Wide Supply Voltage Range. ..3.6Vto10V 

@ Precision Voltage Sensor 

@ Temperature-Compensated Voltage Reference EK CHIP CARRIER PACKAGE 
@ True and Complement Reset Outputs (TOP VIEW) 

e LO OO 


Externally Adjustable Pulse Width 


description 


The TL7702AM and TL7705AM are monolithic 
integrated circuit supply voltage supervisors 
specifically designed for use as reset controllers 
in microcomputer and microprocessor systems. 
To ensure that the microcomputer system has 


NC 18L] NC 
RESIN 17 L] SENSE 
NC 16L] NC 
Cr 15] RESET 

NC 14L} NC 


+ P g 
reset, the TL7702AM and TL7705AM initiate an Scr 
internal time delay that delays the return of the e. = 9 ft 9 
reset outputs to their inactive states. Since the oS fe 
oc 


time delay for most microcomputers and 
microprocessors is in the order of several hic Me interest eanceetinn 
machine cycles, the device internal time delay 

is determined by an external capacitor connected 

to the CT input (pin 3). 


tq = 1.3 x 104 x CT 
Where: CT is in farads (F) and 
tq is in seconds(s) 


During power-up, the outputs are undefined until the supply voltage Vcc reaches a minimum value of 
3.6 V. During power-down, with the SENSE input below the threshold voltage, the outputs remain active 
until the supply voltage Vcc falls below a maximum of 2 V after which the outputs are undefined. See 
Timing Diagram. Suggested circuits to eliminate undefined states are shown in Figures 3 and 4. 


In addition, when the supply voltage drops below the nominal value, the outputs will be active until the 
supply voitage returns to the nominal value. An external capacitor (typically 0.02 nF) must be connected 
to the REF output (pin 1) to reduce the influence of fast transients in the supply voltage. 


The TL7702AM and TL7705AM are characterized for operation from —55°C to 125°C. 
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specifications per the terms of Texas Instruments 
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TL7702AM, TL7705AM 
SUPPLY VOLTAGE SUPERVISORS 


functional block diagram 


: 8 
VCC 


REFERENCE 
VOLTAGE 
RESET 


CT 3 
: RESET 
aca Note A) 


oes Note A) 


RESIN 
REF 


NOTES: A. TL7702AM: R1 O, R2 = open 
TL7705AM: Ri = 7.8 kQ, R2 = 10 kQ 
B. Pin numbers shown are for the JG package. 


1 sl 


timing diagram 


SENSE 
VOLTAGE 


THRESHOLD 
VOLTAGE 


Vcc = 3.6V 
= 2.0 V 


OUTPUT 


OUTPUT UNDEFINED 


UNDEFINED 
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TL7702AM, TL7705AM 
SUPPLY VOLTAGE SUPERVISORS 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


Supoly voltage, Vor ieee Note 1)... cc che ee eee eee eee eee betes ee deena as 20 V 
Input voltage range at RESIN ..426c6+ ce <cn ee we cua ead eee od ew ses eesowees —0.3 V to 20 V 
Input voltage at SENSE: TL7702AM (see Note 2) ............. 20.00.00 eee eee -O0.3 Vto6 V 

The TOON). «cdot OedwE KR Od adds Kae GRE ROE HEM —O.3 ¥ to TOV 
High-level output current at RESET ........ 2... 0.0... ee -30 mA 
Low-level output current at RESET ..... 2... 0.0.0.0... cc ee eee 30 mA 
Cerntinvuous. Total disSiIPSTIOA cc kek de se eee eee eae FREE EEE KR ee See Dissipation Rating Table 
Operating free-air temperature range ... 1.0... 2... ee —65°C to 125°C 
Storage temperature faNGe «cca ec nde ee eee we wee eR Ee ee —-65°C to 150°C 


NOTE 1: All voltage values are with respect to the network ground terminal. 


DISSIPATION RATING TABLE 


Ta < 25°C  DERATINGFACTOR- Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING ABOVE Taq = 25°C POWERRATING POWER RATING POWER RATING 


PACKAGE 


JG 1050 mW 8.4 mW/°C 464 mw 377 mW 210 mW 
FK 1375 mW 11 mW/°C 640 mW 520 mW 275 mW 


recommended operating conditions 
Supply voltage, Vcc 3.6 10 
High-level input voltage at RESIN, Vip 


Low-level input voltage at RESIN, Vi, 
TL7702AM : O See Note 2 


NOTE 2: For proper operation of the TL7702AM, the voltage applied to the SENSE terminal should not exceed Vcc — 1 V or 6 V, whichever 
is less. 
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TL7702AM, TL7705AM 
SUPPLY VOLTAGE SUPERVISORS 


electrical characteristics over recommended ranges of supply voltage, input voltage, output current, 
and free-air temperature (unless otherwise noted) 


VOH High-level output voltage at RESET IOH = —16mA Voo-15 
VOL e 


Low-level output voltage at RESET lol = 16 mA 
Viet _ Reference voltage _st—~—“CStSCSCSC~‘i B28 
Negative-going threshold voltage | TL7702AM 2.368 2.53 2.63 
VT Vcc = 3.6Vto 10 V V 
at SENSE input TL7705AM 4.25 4.55 4.7 


V Hysteresis? at SENSE input Lal V 3.6 Vto 10 V mV 
| Inpu = F 
< ial i TL7705AM oe 
ae Vi = 2.4 Vt0 Voc 
| Input current at RESIN input pA 
Via 0.4 V 


| 
oe 
Pot Low-level output current at RESET =< SCV =O0SOS~C~C~SSCSCSCSCSCS~S On 
E 


TAII electrical characteristics are measured with 0.02-yF capacitors connected at pins 1, 3, and 8 to GND. 
+ Hysteresis is the difference between the positive-going input threshold voltage, VT +, and the negative-going input threshold voltage, VT _. 


| 


switching characteristics over recommended ranges of supply voltage, input voltage, output current, 
and free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS& MIN TYP MAX | UNIT 
Minimum pulse duration at SENSE ViH = VT- + 200 mV, 
twS(min) . : 2 LS 
input to switch outputs Vit = VT- -— 200 mV 
‘ Propagation delay time from V Pay 15 
eh. ee = S 
pd RESIN to RESET cake ‘ 


aT CSOstC(‘C;~;<«; Ee Ones vee 


S All switching characteristics are measured with 0.02-yF capacitors connected at pins 1 and 8 to GND. 


; RESET 
: RESET 
RESET 

tf 
ESET 


NOTE 3: The rise and fall times are measured with a 4.7-kQ load resistor at RESET (pin 5) and RESET (pin 6). 
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PARAMETER MEASUREMENT INFORMATION 


VOLTAGE 
DROP 


| twS(min) 
1 | 


pre emcee ne crt neat nn ama 


SENSE 
INPUT 


IRRELEVANT | 


INPUT . 2V 
7V ViL 


FIGURE 1. SWITCHING DIAGRAM 


TYPICAL APPLICATION DATA 


TL7705AM 


SYSTEM RESET 


0.02 pF 


-12V 


NOTE: Pin numbers shown are for the JG package. 


FIGURE 2. MULTIPLE POWER SUPPLY SYSTEM RESET GENERATION 
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TYPICAL APPLICATION DATA 


Vcc = 5V 
SMJ320C25 
Vcc Vcc 
SENSE RESET RESET 
REF 

___GND VSS 

4 

GND 

td(s) + 
Cr(F) = - 

q 1.3 x 104 


NOTE: Pin numbers shown are for the JG package. 


FIGURE 3. RESET CONTROLLER FOR SMJ320C25 SYSTEM 


5V 


»A78M05M 
REGULATOR 


C 


RESET ES 
RESIN RESET Q1 
2N3994 


TL7705AM 


FIGURE 4. ELIMINATING UNDEFINED STATES USING A P-CHANNEL JFET 


NOTE: Pin numbers shown are for the JG package. 
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TL7702AM, TL7705AM 
SUPPLY VOLTAGE SUPERVISORS 


TYPICAL APPLICATION DATA 


VCC 


Vcc 
'SENSE RESET 


TL77XXAM 


FIGURE 5. ELIMINATING UNDEFINED STATES USING A P-N-P TRANSISTOR 


NOTE: Pin numbers shown are for the JG package. 
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SN55ALS056, SN55ALS057 
TRAPEZOIDAL-WAVEFORM INTERFACE BUS TRANSCEIVERS 


D3275, APRIL 1989 


SUITABLE FOR IEEE STANDARD 896 APPLICATIONS? 


SN55ALS056 Is an Octal Transceiver SNS55ALS056 ... . J OR W PACKAGE 
SN55ALS057 Is a Quad Transceiver | (TOP VIEW) 


High-Speed Advanced Low-Power Schottky 
Circuitry 


® Low Power Dissipation .. . 60 mW/Channel 
Max 


High-Ilmpedance P-N-P Inputs 


BTL™ Logic Level 1-V Bus Swing Reduces 
Power Consumption 


® Trapezoidal Bus Output Waveform Reduces 


Noise Coupling to Adjacent Lines PAGER SHEe? <6 08 St OP eee 


(TOP VIEW) 
Power-Up/Down Protection (Glitch-Free) 


@® Open-Collector Driver Outputs Allow 
Wired-OR Connections 


description 


The SN55ALS056 is an 8-channel, monolithic, 
high-speed, Advanced Low-Power Schottky 
device designed for 2-way data communication 
in a densely populated backplane. The 
SN55ALS057 is a 4-channel version with 
independent driver input (Dn) and receiver output 
(Rn) pins and a separate driver disable for each 
driver (En). Both are compatible with Backplane 
Tranceiver Logic (BTL™) technology at 
significantly reduced power dissipation per 
channel. 


These transceivers feature open-collector driver outputs with a series Schottky diode to reduce capacitive 
loading to the bus. By using a 2-V pull-up termination on the bus, the output signal swing will be 
approximately 1 V, which reduces the power necessary to drive the bus load capacitance. The driver outputs 
generate trapezoidal waveforms that reduce crosstalk between channels. The drivers are capable of driving 
an equivalent dc load as low as 18.5 Q. The receivers have internal low-pass filters to further improve 
noise immunity. 


The SN55ALS056 and SN55ALS057 are characterized for operation from —55°C to 125°C. 


T The transceivers are suitable for IEEE Standard 896 applications to the extent of the operating conditions and characteristics specified 
in this data sheet. Certain limits contained in the IEEE specification are not met or cannot be tested over the entire military temperature range. 
BTL is a trademark of National Semiconductor Corporation. 


PRODUCTION DATA documents contain information Copyright © 1989, Texas Instruments Incorporated 
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SN55ALS057 . . . FK PACKAGE 


SN55ALS056 .. . FK PACKAGE 
(TOP VIEW) 


(TOP VIEW) 
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SN55ALS056, SN55ALS057 
TRAPEZOIDAL-WAVEFORM INTERFACE BUS TRANSCEIVERS 


logic symbolst logic diagrams (positive logic) 


SN55ALS056 SN55ALS056 


3EN1 [A-B] 
3EN2 [B-A] 


AS ~ B5 
a Pe s« 6 IDENTICAL CHANNELS NOT SHOWN 
(7) 
a 
ra 
(8) (13) (12) 


AT Ss B7 (9) B8 
- = AS 
B8 
—_ = 


SN55ALS057 


2 IDENTICAL CHANNELS NOT SHOWN 


tThese symbols are in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 
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SN55ALS056 SN55ALS057 
FUNCTION TABLE FUNCTION TABLE 
TRANSMIT/RECEIVE TRANSMIT/RECEIVE 


CONTROLS CHANNELS 
RE 


En 


CONTROLS | CHANNELS 
cs TR A-B 


H = high-level, L = low-level, R = receive, T = transmit, D = disable, X = irrelevant 

Direction of data transmission is from An to Bn for the SN55ALSO56 and from Dn to Bn for the SN55ALS057. 
Direction of data reception is from Bn to An for the SN55ALSO56 and from Bn to Rn for the SN55ALS057. 
Data transfer is inverting in both directions. 


schematics of inputs and outputs 


DRIVER OUTPUT RECEIVER INPUT CONTROL INPUTS 


All resistor values shown are nominal. 


tT Additional ESD protection is on the SN55ALS057, which has separate receiver output and driver input pins. 
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SN55ALS056, SN55ALS057 
TRAPEZOIDAL-WAVEFORM INTERFACE BUS TRANSCEIVERS 


le BRED SERRE hd SUR AIRE WRB RAR Aa TEAR GESTS Ah RRO sh PPE SN 2 ARE NRRL EECA 5 ME hE ETE tS Sn SEAR a TR ET APES HF 2 RAE ta ESB ES EE SD 8 TBE BEES 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


Supply voltage, Vor (see NOTE VW) ccc icc ce eer ced we thee eR ETRE ERR Oe KS eee 6 V 
GOMra! 1 WONIAOE cc wa eee ae oe cee need HEC oe awe he eee ee OO we 5.5 ¥ 
Sg e ee pol: ee ee ee ee ee ao V¥ 
Drier OUIDUT VONAGE 066 ee bee K HERR CHRD ET EASED EE EEE HR RHEE OES oO OS 2.5 V7 
Pee war WUT VORINS 666465404 bb 66 OER ERO AE EE Od eS OS ESS SOOO RRS 25 V¥ 
ReCeIVer OUTDUT VOITEGS «6 «ca cde ee RO KEK Rae R ET RATE KO Ee ROO HA a. V 
Continuous total power dissipation at (or below) 25°C free-air temperature 

(SOS KITS 20s wa oe Se sO POT RED EHER DESEO EGC RS REE EROS CSRS HEEE RHE 13/75 mW 
Operating free-air temperature range ........... 0... cee ee —- 55°C to 125°C 
SIOFAGe TRINIPSIAIUIE TENGE ccc ccc us veean wees Hee ede REA HERE DEDEDE OO -—65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds..................004. 300°C 


NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate to 275 mW at 125°C at the rate of 11.0 mW/°C. 


recommended operating conditions 
Supply voltage, Vcc 


High-level driver and control input voltage, Vj} 


Low-level driver and control input voltage, Vv 


Operating free-air temperature, TA 
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SN55ALS056 electrical characteristics over recommended ranges of operating free-air temperature 
and supply voltage (unless otherwise noted) 


Vik Input clamp voltage at An, T/R, or CS Vcc = 4.5 V, || = -18mA 
‘ —— 


Vee =-5V, Ta = 25°C 
V Receiver input threshold at Bn 
Yee =5V, Ta = —55°C to 125°C 


Vcc = 4.5, Bnat1.2V, 
VOH_ High-level output voltage at An CS atO.8V, T/RatO.8V, 
IoOH = —400 pA 
Vcc = 4.5 V, Bnat2V, 
CS atO.8V, T/Rat 0.8 V, 
T/RatO.8V, Io, = 16 mA 
Vec = 4.5 V, Anat2V, 
CS atO.8V, T/Rat2V, 
See Figure 1 
Vi = Vcc = 5.5 V 
lH = High-level input current Vec =5.5V, Vi = 2V, 
AnatO.8V, T/Rat0.8V 
Low-level input current at An, T/R, or CS Vec = 5.5V, Vj = 0.4 V 
Vcc = 5.5 V, AnatOV, 
Bn at 1.2V, CS at0.8V, 
T/R at 0.8 V 


VoL Low-level output voltage 


SN55ALS057 electrical characteristics over recommended ranges of operating free-air temperature 
and supply voltage (unless otherwise noted) 


PARAMETER 
Vik Input clamp voltage at Dn, En, TE, or RE Vcc = 4.5 V, i} = -—18mA 
Vec = SV, TA = 25°C 1.45 1.65 
Vt Receiver input threshold at Bn V 
Vec = 5V, TA = —55°C to 125°C 1.4 TF 


RE at 0.8 V, IOH = —400 vA 

RE at0.8V, Io, = 16mA 
Vec = 4.5V, Dnat2V, 
En at 2 V, TE atO.8V 


Vec = 5.5V, VW=2V, 
Bn Dn at 0.8 V, En at 0.8 V, 100 |“ 
TE at 0.8 V 
Voc = 88V WS OAV 


oe Vec = 5.5 V, Rn at OV, 
los  Short-circuit output current at Rn nn =-30 =~ 12a pA 
Bn at 1.2 V, RE at 0.8 V 


ae ee Se Ae 


NH High-level input current 
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switching characteristics over recommended ranges of operating free-air temperature and supply voltage 


(unless otherwise noted) 
TEST CONDITIONS MIN TYP MAX | UNIT 


= 25°C 
regal a 
ull range 


receiver 


FROM TO 
PARAMETER 
(INPUT)| (OUTPUT) 

Propagation delay time, 
tPLH 

low- to high-level output B 

Propagation delay time, 
tPHL , 

high- to low-level output 


> 
3 


n 


Full range 


2 
2 
fee ees 
ee Figure 
Bn at O8V, Ta O8V, 
V_ = 0, S1 closed, See Figure 5 | Full range] = sid 
= ns 
BnatO.8V, ‘Tat 0.8, 


, Output disable time Bn at 2 ¥ TR at 0.8 V 25°C 20 
PLZ na ‘ at O. ' 
from low level — Full range 
CS VL =5YV, S1 closed, 


: Output enable time 
P2ZL to low level 
. Output disable time 
PHZ ; 
from high level aces 
z : CS 
Output enable time 
tPZH 


3 > = | 


to high-level S1 open, See Figure 5 | Full range] = si 

Ouput disable me = 
tpLz CS at 0.8 V, VC at 2 V, 

from low level Full range] = si | 

ipueeuaie U aol Nee all ——_ 2 | ™ 
tPZL . See Figure 5 


to low level 


: Output disable time 
PHZ from high level 


Output enable time 


Full range . 40 
Gaoev, Wao 
ns 


S1 closed, See Figure 5 | Full range 13 
CS at 0.8 V, S1 open, 15 


i 

PZH to high level See Figure 5 Full range] = ssi 
Receiver noise rejection An 1 Vp = SV, S1 closed, 

tw(NR) ; ns 
pulse duration or Rn See Figure 6 Full range] 2 | 


driver 


| ramameren | pr] ouT 
PARAMETER 
(INPUT)} (OUTPUT) 
te Propagation delay time, 
low- to high-level output i 
high- to low-level output 
low- to high-level output cS 
Propagation delay time, 
low- to high-level output 


TEST CONDITIONS 


MIN TYP? MAX | UNIT 


CS at 0.8 V, TRat2v, [Fullrangel -40*| 
B : ns 
Vi = 2, See Figure 2 


Full range 


See Figure 2 
Full range 22 
TS at 0.8 V, Full range] SSS 
ss 


82) 
| 


= | =] 


aia: Propagation delay time, See Figure 3 
high- to low-level output 

emia Transition time, _ : 1 3 8 
low- to high-level output din Bn CS at 0.8 V, T/R at 2 V, 1 | i 
Transition time, VL = 2Y, See Figure 2 1 

‘THL high- to low-level output 


TFull range is —55°C to 125°C. 
tTypical values are at Vec = 5. 
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SN55ALS056, SN55ALS057 
TRAPEZOIDAL-WAVEFORM INTERFACE BUS TRANSCEIVERS 


switching characteristics over recommended ranges of operating free-air temperature and suppiy voltage 
(unless otherwise noted) 


receiver 


FROM TO 
PARAMETER | TEST CONDITIONS Tal MIN MAX | UNIT 
(INPUT)| (OUTPUT) 


Propagation delay time, a re 25°C 
we RE at 0.8 V, TEat2v, 28° | 
low- to high-level output V 5V Sy cixeas Full range] = si 
L = ' ’ 


: : Bn Rn 

Propagation delay time, 25°C 

"PHL high- to low-level output acdcaandee 

Output disable time ane 25°C 

2 _ rom iow lve eee 
Rn VL =5V, S1 closed, = ns 

— Output enable time See Figure 5 

hen Output disable time Bn at 0.8 V, TE at2V, Vi = 0, 
from high level ae an Si closed. See Figure 5 3] 

es Output enable time Bn at 0.8 V, TE at 2 V, 

to high-level S1 closed, See Figure 5 

; Receiver noise rejection Bn Rn VL = 5YV, S1 closed, 

wiNR) pulse duration See Figure 6 


driver 


FROM TO t t 
PARAMETER TEST CONDITIONS Ta MIN TYP* MAX | UNIT 
(INPUT)} (OUTPUT) 
: Propagation delay time, 25°C 
ads low- to high-level output Dn B TE at 0.8 V, RE at 2 V, Full range] = si 
ns 
ime, or En 
PHL 
B 


VL = 2YV, See Figure 2 25°C 
high- to low-level output 
— Propagation delay time, 
low- to high-level output TE 
high- to low-level output 
n 


25°C 
: Transition time, 
Tt low- to high-level output D B 
P Transition time, or En 
THL high- to low-level output 


n 
j= [gerne 
See Figure 2 25°C 
n 
tTypical values are at Vcc = 5 V. 


25°C 1 3 8 
: 33 


RE at 2 V, VL =2V, 
See Figure 2 


driver plus receiver 


FROM TO 
PARAMETER TEST CONDITIONS Tal MIN MAX | UNIT 
(INPUT)} (OUTPUT) 


Propagation delay time, — = 25°C 
pagation delay aden Werney, 22S a 
ns 


'PLH 


Dn 


low- to high-level output ; Full range] = si 
oe hill 

(Both loads are used) 35 
ullrange] 85 


Propagation delay time, 
tPHL 


high- to low-level output 


tFull range is —55°C to 125°C. 
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SN55ALS056, SN55ALS057 
TRAPEZOIDAL-WAVEFORM INTERFACE BUS TRANSCEIVERS 


PARAMETER MEASUREMENT INFORMATION 


VL =2V 


SN55ALS056 
OR 


SN55ALS057_ | (Bn) 


FIGURE 1. TEST CIRCUIT FOR DRIVER LOW-LEVEL OUTPUT VOLTAGE 


VL 


18 2 


SN55ALS056 
OR 
SN55ALS057 


Vy 


Vo 
50 pF (INCLUDES JIG CAPACITANCE) 


S, TE, An,Dn,En) 


( 


TEST CIRCUIT 
3V——— — — — 
(CS, TE) 1.5 V 15V 
| | 
Ov ' 
Vi tPLH i tPHL > 
| 
3 V | 
(An,Dn,En) 1.5V | 1.5V 
seas paces fem cael | | 
OV Tr | 
tPLH —>} a tPHL—» ke 
i 
FO a ae ee “t 
0% 90% 
VO(Bn) 1.55 v # 1.55 V 
> ie tTLH tTTHL-W ke 


VOLTAGE WAVEFORMS 
NOTE: ty = t¢ < 5 ns from 10% to 90%. 


FIGURE 2. DRIVER PROPAGATION DELAY TIMES 
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SN55ALS056, SN55ALS057 
TRAPEZOIDAL-WAVEFORM INTERFACE BUS TRANSCEIVERS 


PARAMETER MEASUREMENT INFORMATION 


_3V—-————-—-—- -— 
Viu(T/R) Ve ¥ 7 1.5 V 
OV | 
tPHL—» ee — tpLH—>| }— 
| | | 
VO(Bn) | 1.55 V | 1.55 Vv 


| 
VOLTAGE WAVEFORMS 


NOTE: ty = t¢ <= 5xns from 10% to 90%. 


FIGURE 3. PROPAGATION DELAY FROM T/R TO Bn 


SN55ALS056 


Vi 7 OR Vo 
(Bn) SN55ALS057 
ii 50 pF (INCLUDES JIG CAPACITANCE) 
TEST CIRCUIT 
2V 
Vi(Bn) 1.55 V 1.55 V 
Vv—-——— — } | 
tPLH—m pe — PHL 

VG a om ae ee oe = | 
VO(An,Rn) 1.5 V 1.5V 

VOL 


VOLTAGE WAVEFORMS 


NOTE: ty = tf < 10 ns from 10% to 90%. 


FIGURE 4. RECEIVER PROPAGATION DELAY TIMES 
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SN55ALS056, SN55ALS057 
TRAPEZOIDAL-WAVEFORM INTERFACE BUS TRANSCEIVERS 


PARAMETER MEASUREMENT INFORMATION 


oe rete 
ViuCS, RE, T/R) 1.5V 1.5°V 
OV 
tPHZ—>| ke aaa > kt—tpZH 
+ ——-— i 
— —— 7 | 
| a #1 5V 
tPLZ—w_ ie — —> —'tPZL 
| aa V | 
x —-—-— 1.5 V 
VO(An,Rn) sa aes, aes “_ 


VOLTAGE WAVEFORMS 
NOTE: tr = ts < 5 ns from 10% to 90%. 
FIGURE 5. PROPAGATION DELAY FROM CS OR T/R TO An OR FROM RE TO Rn 


VL 


£500 


fi 50 pF (INCLUDES JIG CAPACITANCE) 


SN55ALS056 
OR 
SN55ALS057 


V\ 


(An,Rn) 


500 2 


TEST CIRCUIT 
BUS LOGIC 
HIGH LEVEL 
185V—-—_—-—_— 2V 
Vv 1.55 v7 s 4 #55 v 
11V | | l eee 
| | | | 
BUS LOGIC k¢—_——_P— twiNR) ——_§_|—_Pi— twinR) 
LOW LEVEL 
tw is increased until the output voltage fall just reaches 2.0 V. tw is increased until the output voltage rise just reaches 0.8 V. 


VOLTAGE WAVEFORMS 


NOTE: t, = tf < 2 ns from 10% to 90%. 
FIGURE 6. RECEIVER NOISE IMMUNITY 
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SN55ALS056, SN55ALS057 
TRAPEZOIDAL-WAVEFORM INTERFACE BUS TRANSCEIVERS 


PARAMETER MEASUREMENT INFORMATION 


VO(Rn) 1.5V 1.5V 


VOLTAGE WAVEFORMS 


NOTE: t, = tp < 5 ns from 10% to 90%. 


FIGURE 7. DRIVER PLUS RECEIVER DELAY TIMES 
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8-Channel Bidirectional Transceiver 


@ High-Speed Advanced Low-Power Schottky 
Circuitry 


@ Low Power Dissipation . . 
Channel 


. 56 mW Max per 


Fast Propagation Times . . . 20 ns Max 
High-Impedance P-N-P Inputs 
Receiver Hysteresis .. . 550 mV Typ 


Open-Collector Driver Output Option 


No Loading of Bus When Device Is Powered 
Down (Vcc = 0) 


@® Power-Up/Power-Down Protection 
(Glitch-Free) 


description 


The SN55ALS160 eight-channel general- 
purpose interface bus transceiver is a monolithic, 
high-speed, Advanced Low-Power Schottky 
device designed for two-way data 
communications over single-ended transmission 
lines. The transceiver features driver outputs 
that can be operated in either the passive-pullup 
or three-state mode. If Talk Enable (TE) is high, 
these ports have the characteristics of passive- 
pullup outputs when Pullup Enable (PE) is low 
and of three-state outputs when PE is high. 
Taking TE low places these ports in the high- 
impedance state. The driver outputs are 
designed to handle loads up to 48 mA of sink 
Current. 


An active turn-off feature has been incorporated 
into the bus-terminating resistors so that the 
device exhibits a high impedance to the bus 
when Vcc = O. When combined with the 
SN55ALS161 management bus transceiver, the 
device provides the complete 16-wire interface 
for the IEEE 488 bus. 


The SN55ALS160 is characterized for operation 
from -56°C to 125°C. 


SUITABLE FOR IEEE STANDARD 488-1978 (GPIB)T 


SN55ALS160 


OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


D3276, APRIL 1989 


J OR W PACKAGE 
(TOP VIEW) 


GPIB 
1/0 TERMINAL 
FK PACKAGE 
(TOP VIEW) 
© 
N — Ww © _ 
mamre>Qa 
ee 
3 2 4 
B34 18} D2 
B4 []5 17UD3 
B56 16[]D4 
B6 [J 7 15[]D5 
B71|8 14[}D6 
9 
on 2 oe 8 ee 2 ee | 
ooaqnwaor 
arta a 
G) 
FUNCTION TABLES 
EACH DRIVER EACH RECEIVER 


INPUTS OUTPUT INPUTS OUTPUT 
D TE PE 
b 


H HH 
LH xX H 
H X OL Z 
X X 


L 


H = high level, L = low level, X = irrelevant, 
Z = high-impedance state. 

T This is the high-impedance state of a normal 3-state 
output modified by the internal resistors to Vcc and 
ground. 


TThe transceivers are suitable for IEEE Standard 896 applications to the extent of the operating conditions and characteristics specified 
in this data sheet. Certain limits contained in the IEEE specification are not met or cannot be tested over the entire military temperature range. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN55ALS160 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


logic symbolt logic diagram (positive logic) 
(11) pet 
PE —fmi [3s] ra 
M2 [0C] TE 
TE EN3 [XMT] (19) 


EN4 [RCV] 


D1 S 
ow 
(18) 
B1 D2 an 
Pelle. 


Be (17) 


83 re 
BA Cy 
BS (16) 
D4 
B6 re 
B7 TERMINAL eine (i) ns 


B8 (15) 


GPIB 
DS tte 1/0 
T This symbol is in accordance with ANSI/IEEE Std 91-1984 and ro” (6) PORTS 
IEC Publication 617-12. Gj BS 
ng ita) ye 
te 
ool 7) a6 
(13) 
= re 
ae (8) B7 


(12) e 
2 (9) Bg 
schematics of inputs and outputs 

EQUIVALENT OF ALL CONTROL INPUTS EQUIVALENT OF ALL INPUT/OUTPUT PORTS 


SS ee oy 
Vcc 


INPUT/OUTPUT 
PORT 


Driver output Reg = 30 2 NOM 
Receiver output Reg = 110 0 NOM 
Circuit inside dashed lines is on the driver outputs only. 
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SN55ALS160 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


REA TE ITI ESE WPA SR SR DES DE BP HSE) FOL DRIODS GLY ir ONES, a8 eri Er Sita RAE BE ROOT ea SBT iw eds AG a I 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, VCC 1800 Nee ‘YN ccc cece e566 8 0548s eo Oe OES Ew Eee SR MORE ER RE 7V 
foo aes) ee ee ee ee ee er a ee ee ee eee 5.5 V 
Low-level driver QUIDUT CUITENT 246k ccs hee HR ESR wee ET ESR RHEE ERE OHS 100 mA 
Low-level QUEUE CUITONE 5 occ co eee bbe hE REAR EN OE EORwE OO SEED EOS OD 50 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): ...... 1375 mW 
Operating free-air temperature range ........ 0.0.0 ee ee —-55°C fo 125°C 
Storage temperature range ..... 0... .. ee eee —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 60 seconds: J or W package ..... 300°C 
Case temperature for 60 seconds: FK package ............ 0.0.0 eee ee ee eee 260°C 


NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate to 275 mW at 125°C at the rate of 11.0 mW/°C. 


recommended operating conditions 


MIN NOM MAX | UNIT 
Supply voltage, Vcc 4.75 5 5.25 


TE and PE at Ta = —55°C to 125°C 
Bus and terminal at Ta = 25°C or 125°C Vv 
Bus and terminal at Ta = —55°C 


TE and PE at Ta = —55°C to 125°C Po 8 

Bus and terminal at Ta = 25°C or —55°C PB V 

Bus and terminal at Ta = 125°C 

Bus ports with pullups active (V = 5 V A 
= b. 


Bus ports 
Low-level output current, lo. : mA 


High-level input voltage, Vjy 


Low-level input voltage, Vj, 
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SN55ALS160 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 
VIK input clamp voltage Vec = 4.75 V, l| = -18 mA ~“0.8 =1,5 V 


Vec = 5V, Ta = 25°C 0.4 0.55 
pus = | Veo = SV, Ta = 125°C 
Veo = 5V, Ta = -85°C 
Vee = 4:75 V, 1H = -800 pA, TE at 0.8 V 

High-level = cc OH C 

VOH Vec = 5V, Ion = —5.2 mA, PE and TE at 2 V 
ciation 
2 


Hysteresis 


V 
nYS  (VT4 - Vr-) 


Vcc = 4.75 V, lo = —5.2 mA, PE and TE at 2 V 
Vec = 4.75 V, Io = 16 mA, ‘TE at 0.8 V 


4 ; 
4 
rd 3.5 
5 Fo 
vit 
0.3 
Vec = 4.75 V, lo_ = 48 mA, 0.35 
TE at2 V, Ta = 25°C or 125°C 
Bus 
0.35 0 
0.2 
o.1 
5 2.0 
@) 
6) 
| 


VOL Low-level 


tput It 
a ee Veco = 4.75 V, loL = 48 mA, 


TE at 2 V, TA = —55°C 


V 
pA 
High-level 
NH Vec = 5.25V, Vj = 2.7 V pA 
input current Terminal, 
Low-level PE, or TE 
input Current 
V 
A 


oO 
oO 


6) 
Input current at 
maximum input Terminal Vec = 5.25 V, Vj = 5.5 V 10 
voltage 

Ks 


| 
—" 
o1 


Te ee 
rv iinet = 2A VAG 879 eee 
oP ~~ s 
Gide eve ney 


Current into Power on 


'1/O(bus) — 


Driver disabled 


Vec = 5V, — [INbus) = 0 | 2.5 3.0 3.7 | 
V Voltage at bus port 
1O(bus) g me new Driver disabled |li(pys) = —12 mA P= 18 | 


| | 
NOTRM TO] NM ] 
Ol} O1f PO] O71} NO 
3 
> 


ae 
55 
6) 
20 
ot 
40 


Power off | Veg =O, Vibus) = 010 2.8 V AO 


Short-circuit -15 -35 -75 
los Vec = 5.25 V 
output current 
' oe , Vcc = 5.25 V,| Terminal outputs low and enabled 42 56 A 
curren m 
cc Baye te No load Bus outputs low and enabled 52 


ie) 
on 


ww 
Oo 


Ci/o(bus) Bus-port capacitance Vec = 5Vto0,Vij9 = Oto2V, f = 1 MHz 


TAIl typical values are at Vcc = 5 V, Ta = 25°C. 


p 
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SN55ALS160 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


switching characteristics at Vcc = 4.75 V,5V, and 5.25 V andC, = 50 pF (unless otherwise noted) 


FROM TO 
PARAMETER TEST CONDITIONS M TYP AX! UNIT 
(INPUT) (OUTPUT) 


Tat 
2 


IN M 
: Propagation delay time, 26° 
tH low- to high-level output ; Full range 
- Terminal Bus See Figure 1 ns 

. Propagation deiay time, 10 

PAL high- to low-level output Full range P18 | 
8 
8 
| 24 
9 
16 
12 
24 
10 
15 
15 
16 
9 


iol low- to high-level output ; Full range P18 
- Bus Terminal See Figure 2 
Propagation delay time, a a a) 
high- to low-level output Full range en) 
Ee 
Ee eS 
Bus See Figure 3 
[25ec |S 
Ee ST) 


17 

20 

14 

16 

12 

18 

15 

18 

Output enabie time 30 
41 

14 

28 

34 

19 

24 

26 
50 
18 
E Terminal See Figure 4 = 
26 
30 
24 
31 
2 24 

25 

16 

20 


tPZH 
B See Fi 5 Full range 
us ee Figure 
: Eo 


5 


cc 
a°) 
— 
rr 


to high level 


Output disable time 


t 
PHZ from high level 


+ 
m 


; Output enable time 
Pzt to low level 
Output disable time 


from low level 


ot 
U 
= 
N 


— 


Output enable time 
"PZH +6 high level 
Output disable time 
from high level 
Output enable time 
to low level 


: Output disable time 
PLZ from low ‘evel 
Output pullup 


t 
€N enable time PE 
Output pullup 


tq 


- disable time 


TFull range is —55°C to 125°C. 
All typical values are at Vcc = 5 V. 


TEXAS ti 
INSTRUMENTS 


POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 14-389 


SN55ALS160 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


PARAMETER MEASUREMENT INFORMATION 


ee ee 7V 
on 
5 ee nae nee rey ee 3V 
| 5002 DINPUT 
OUTPUT Lov 1.5V 

| | by 
GENERATOR | B tpLH_-+¢—>} tpHL—te—> ' 
(See Note A) | yl — — —VOH 

B OUTPUT 2.2V 
500 2 1.0V VoL 


C. = 50 pF 
(See Note B) 


TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1. TERMINAL-TO-BUS PROPAGATION DELAY TIMES 


———-—-3Vv 
7V B INPUT 1.5V 1.5V 
| 
OUTPUT | : au 


500 2) 


tpLH—+4-1 tpHL—+¢—_> 
GENERATOR | | y 

= 

(See Note A) | | 

T 1.5V 1.5V 
00% D OUTPU 
VOL 
= L—-— —- —- — — J = = 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 2. BUS-TO-TERMINAL PROPAGATION DELAY TIMES 


7Vv 
3V ‘nie “1 500 ; i a a sy ch a 3V 
OUTPUT TE INPUT Fy Sy 1.5V 
$2 | 
e | OV 
tPZzH—y tpHz— e- 
BOUTPUT| | on 
S1to3 V | 
wee S2 OPEN | TT 
CL = 50 pF tpz_—+¢— 91 tPLz—e> 
(See Note B) | 3V 
B OUTPUT 
, $1 to GND 1.0V | 
GENERATOR |g SITE —t—“‘“‘CS™*# = S2 CLOSED ies pi —VoL 
(See Note A) 


TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 3. TE-TO-BUS ENABLE AND DISABLE TIMES 
NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < MHz, 50% duty cycle, tr < 6 ns, 


te < 5ns, Zy = 5020. 
B. Cy includes probe and jig capacitance. 


TEXAS 4% 
INSTRUMENTS 


14-390 POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 


SN55ALS160 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


PARAMETER MEASUREMENT INFORMATION 


7V 3V 
_— 1.5V 1. 
GENERATOR s2_ TE INPUT we 
(See Note A) | i ns a) Ov 


t t 
OUTPUT jest Oe A iiniee Von 
D OUTPUT] | 90% 
S1to3V] $£1.5V | 
S2 OPEN| oe 
t 
tPzL— \— PLZ—> ‘ac - 
D ouTPUT \J l 
zl S1toGND 41.0 V l 
2 CLOSED 0.7 V 
i us 1 Ss2cLoseED )0=\_ Fe VoL 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 4. TE-TO-TERMINAL ENABLE AND DISABLE TIMES 


Se ee =I 
GENERATOR Bicker ete pe 3V 
(See Note A) 
SE ISPET 2a y 1.5V 
D 


OUTPUT | | ov 


tdis 
- | 90% 
500 2 B OUTPUT 2V 
VOL 
(en = 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 5. PE-TO-BUS PULLUP ENABLE AND DISABLE TIMES 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < MHz, 50% duty cycle, tr < 6 ns, 
te < 5ns, Zo = 50 2. 
B. Cy includes probe and jig capacitance. 
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SN55ALS160 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


TYPICAL CHARACTERISTICS 


TERMINAL HIGH-LEVEL OUTPUT VOLTAGE TERMINAL LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 


VOH—High-Level Output Voltage—V 
Voz_—Low-Level Output Voltage—V 


0 -5 -10 -—15 —20 -—25 —30 -35 —40 
lOH—High-Level Output Current—mA 19 —Low-Level Output Current—mA 


FIGURE 6 FIGURE 7 
TERMINAL OUTPUT VOLTAGE 


vs 
BUS INPUT VOLTAGE 


Vo—Output Voltage—V 


0 
0 02 04 06 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
V;—Input Voltage—V 


FIGURE 8 
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VOH—High-Level Output Voltage—V 


Vo—Output Voltage—V 


SN55ALS160 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


TYPICAL CHARACTERISTICS 


BUS HIGH-LEVEL OUTPUT VOLTAGE BUS LOW-LEVEL OUTPUT VOLTAGE 
vs vs 


BUS HIGH-LEVEL OUTPUT CURRENT BUS LOW-LEVEL OUTPUT CURRENT 


Vo_L—Low-Level Output Voltage—V 


0 10 20 30 40 50 60 70 80 90 100 


IOH—High-Level Output Current—mA lo —Low-Level Output Current—mA 
FIGURE 9 FIGURE 10 
BUS OUTPUT VOLTAGE BUS CURRENT 
vs NES 
TERMINAL INPUT VOLTAGE BUS VOLTAGE 


~ ‘SN 
NS 

NN eae 
pa NANTAAANAN a. 
\iI7an 


11/O(bus)—Bus Current—mA 


ts THE UNSHADED 
- AREA CONFORMS TO 
PARAGRAPH 3.5.3 OF 
|IEEE STANDARD 488-1978. 


09 1.0 1.1 1.2 1.3 1.4 #15 1.6 1.7 -2 -1 0 1 2 3 4 5 6 


V |—Input Voltage—V V1/O(bus) Bus Voltage—V 
FIGURE 11 FIGURE 12 
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SN55ALS161 


OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


SUITABLE FOR IEEE STANDARD 488-1978 (GPIB) APPLICATIONST 


D3277, APRIL 1989 


@® 8-Channel Bidirectional Transceiver J OR W PACKAGE 
‘ (TOP VIEW) 
@ Designed to Implement Control Bus 
Interface TEL]! 201 |] Vcc 
; ; 2 
Designed for Single Controller REN LI '9] JREN 
IFCL]3 18] JIFC 
High-Speed Advanced Low Power Schottky sein NDAC[ Ja 17, ]NDAC 
Circuitry 0 NRFD| {5 161 | NRFD TERMINAL 
@ Low Power Dissipation... 59 mW Max per PORTS DAV LI6 'sL] DAV V0 PORTS 
EOIL|7 14] | EOI 
Channel 
ATNL]8 131 ]ATN 
@® Fast Propagation Times... 25 ns Max SRO ]|9 12 ]SRO 
@ High-impedance P-N-P Inputs GND {10 1 JDe 
@ Receiver Hysteresis ... 550 mV Typ FK PACKAGE 
. , ; ‘ (TOP VIEW) 
@ Bus-Terminating Resistors Provided on " 
Driver Outputs Of w Og 
bwaere>oe 
@® No Loading of Bus When Device Is Powered Sst 
Down (Vcc = 0) 3.2 1 2019 
NDAC 18] IFC 
@ Power-Up/Power-Down Protection NRED {]5 17071 NDAC 
(Glitch-Free) DAV 16} NRFD 
— EOI 15L] DAV 
description ATN 14(] co! 


The SN55ALS161 eight-channel general- 
purpose interface bus transceiver is a monolithic, qgaonuo 2 
high-speed, Advanced Low-Power Schottky hn ee 


process device designed to provide the bus- 
management and data-transfer signals between 
Operating units of a_ single controller 
instrumentation system. When combined with 
the SN55ALS160 octal bus transceiver, the 
SN55ALS161 provides the complete 16-wire 
interface for the IEEE 488 bus. ! 


The SN55ALS161 features eight driver-receiver 
pairs connected in a front-to-back configuration 
to form input/output (I/O) ports at both the bus 
and terminal sides. The direction of data through 
these driver-receiver pairs is determined by the 
DC and TE enable signals. 


The driver outputs (GPIB I/O ports) feature active 
bus-terminating resistor circuits designed to 
provide a high impedance to the bus when 


CHANNEL IDENTIFICATION TABLE 


| NAME IDENTITY CLASS 


DC Direction Control 
Te Control 


Talk Enable 
Attention 
Bus 


Service Request 


Remote Enable 
Management 
Interface Clear 
End or Identify 
Data Valid 
Not Data Accepted 


Not Ready for Data 


Data 
Transfer 


Vcc = O. The drivers are designed to handle loads up to 48 mA of sink current. Each receiver features 
p-n-p transistor inputs for high input impedance and a hysteresis of 250 mV minimum for increased noise 
immunity. All receivers have 3-state outputs to present a high impedance to the terminal when disabled. 


The SN55ALS161 is characterized for operation from —55°C to 125°C. 


T The transceivers are suitable for IEEE Standard 488 applications to the extent of the operating conditions and characteristics specified 
in this data sheet. Certain limits contained in the IEEE specification are not met or cannot be tested over the entire military temperature range. 
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specifications per the terms of Texas Instruments 
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SN55ALS161 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


logic symbolt logic diagram (positive logic) 


i?) 
= 
_" 

e 


D 


T 


m 
= 
e 


ath (13) ATN 
(14) 
EOI EOI 
(12) 
SRQ ones SRO 
| =a 
— (19) > (2) — 
naar | 
{18} (3) 
a IFC 
an ey 
TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and Le 
IEC Publication 61 q=1 2 (15) (6) 


V Designates 3-state outputs. DAV 1 DAV 
© Designates passive-pullup outputs. = 


NDAC hs. —-s (4) pac 
ro (16) < (5) NRED 
NR Le 


RECEIVE/TRANSMIT FUNCTION TABLE 


CONTROLS BUS-MANAGEMENT CHANNELS DATA-TRANSFER CHANNELS 


ATNt | ATNt DAV NDAC NRFD 
pee by oe (Controlled by TE) 


H = high level, L = low level, R = receive, T = transmit, X = irrelevant 
Direction of data transmission is from the terminal side to the bus side, and the direction of data reception is from the bus side to the 
terminal side. Data transfer is noninverting in both directions. 

TATN is a normal transceiver channel that functions additionally as an internal direction control or talk enable for EOI whenever the DC 
and TE inputs are in the same state. When DC and TE are in opposite states, the ATN channel functions as an independent transceiver only. 
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SN55ALS161 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


schematics of inputs and outputs 


TYPICAL OF SRQ, NDAC, and NRFD 
GPIB 1/0 PORT 


EQUIVALENT OF ALL 
CONTROL INPUTS 


INPUT/OUTPUT 
PORT 


Circuit inside dashed lines is on the driver outputs only. 


TYPICAL OF ALL !1/O PORTS 
EXCEPT SRQ, NDAC, and NRFD GPIB I/O PORTS 


INPUT/OUTPUT 
PORT 
Driver output Reg ~ 30 2 NOM 


Receiver output Reg 110 2 NOM 
Circuit inside dashed lines is on the driver outputs only. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voc (see Note Ws cc cu cece ec an wed awe eee EHS eee Ee Re RHR KS Oe EES 7V 
(eg ic! a a ae eee ee er ee ee re ee ee ee 5.5 V 
Low-level Griver GUINUT COITBIE 6.064 i ce 6G ea ee HEH PETERS EH RE HE REED ERS BO 100 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): ...... 1375 mW 
Operating free-air temperature range .......... 2... ee ~B5°C to 125°C 
SIOAGS TONIDEATUNG TATE onc oe Rohe Od DOE EE OKT THERE he ees -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 60 seconds: J or W package...... 300°C 
Case temperature for GO seconds: FK package «2... nusscstiuvenen cent teew new a neens 260°C 


NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate to 275 mW at 125°C at the rate of 11.0 mW/°C. 
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SN55ALS161 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


recommended operating conditions 


Supply voltage, VCC 


High-level input voltage, Vjy Bus and terminal at Ta = 25°C or 125°C 


Bus and terminal at Ta = —55°C 

TE and DC at Ta = —55°C to 125°C 
Low-level input voltage, Vii Bus and terminal at Ta = 25°C or —55°C 

Bus and terminal at Ta = 125°C 


Bus ports with pullups active (Vcc = 5 V) 
High-level output current, IOH 7 frac ; 
erminal ports 
Bus ports 
Low-level output current, IoL + nal ; 
erminal ports 


Operating free-air temperature, Tp 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


Veo = 5V, Ta = 25°C 
Bus Veg = 5 ¥, Ta = 125°C 
Veo = 5V, Ta = 55°C 
2 
2 
2 


5 
; 4 
Voc = 4.75 V, Ion = 800 «A 
. ; 5 3 
oe 
O 


Vhys Hysteresis (V7 + — VT_) 


VOHt High-level output voltage 


5 
fon 
Vcc = 4.75 V, lo, = 16mA 


Vcc = 4.75 V, lo. = 48 mA, 
Low-level output voltage 0.35 O.5 
Bus Ta = 29°C of 125°C 


Voc = 4.75 V, lig = 48 mA, Ta = —55°C 0.35 0.55 


V 

Input current at ; 

I Terminal Vee =5.25V, Vp = 5.5 V : uA 
maximum input voltage 
High-level Terminal 

NH Vcc = 5.25V, V=2.7V : pA 
input current 
Low-level control 

NL . ~30 -—100 yA 
input current inputs 

| 


and 


Vcc = 5.25V, Vj =0.5 V 


2 


100 
20 
3.7 
Vec = 5 V, 2.5 
Power on Vi(bus) = 2-5 V to 3.7 V 
li/O(bus) Current into bus port Driver disabled ~3.2 
2.5 
' 2.5 
40 
90 


Vi(bus) = 3-7 Vto5V 


0 
0 
Vec = 5, 
V1/O(bus) Voltage at bus port CC 
Driver disabled | Ii(bus) = —12 mA 
0 
0 
ee) 


2 
1 
Tine SoS 
Short-circuit -15 -35 -75 
lost Vec = 5.25 V 
output current —-25 -50 -125 
Icc Supply current Vcc = 5.25 V, No load, TE and DC low 
0 


Vcc = 59 VtoO, 
Ci/o(bus) Bus-port capacitance =~ Oto 9. f= 1 MH 3 


T All typical values are at Vcc = 5 V, Ta = 25°C. 
TVOH and los apply for three-state outputs only. 
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SN55ALS161 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


switching characteristics at Vcc = 4.75 V, 5 V, and 5.25 V and CL = 50 pF (unless otherwise noted) 


FROM 
PARAMETER TEST CONDITIONS 
(INPUT) cai 
‘ Propagation delay time, Bus 
hoi low- to high-level output (Except Full range 
Terminal See Figure 1 ns 
Prt high- to low-level output and “NRFD) Full se | 
Propagation delay time 
tPLH Bus 
low- to high-levet output Full range 
Terminal NRFD, SRQ, See Figure 2 ns 


tPHL ; NDAC 
high- to low-level output Full we 


low- to high-level output Full range 
Terminal See Figure 2 ns 
Propagation delay time 
high- to low-level output Full range 
Output enable time 20 30 
to high level Full ne 
from high level (ATN, REN, Full range 
See Figure 3 ns 
Output enable time or DC IFC, and 16-28 
to low level DAV) Full se 
dae from low level Full range 
Output enable time 24 30 
to high level Full ane 
from high level Full range 
See Figure 3 ns 
Output enable time or DC = 21 35 
to low level Full a 
PLZ from low level Full range 
Output enable time 24 36 
to high level Full range 
: Output disable time | 255¢ | 12 20 
rhe from high level a range 
Terminal See Figure 4 ns 
‘ Output enable time or DC 20 34 
Pek to low level Full oe 
Output disable time 
rhe from low level Full range 


TFull range is —55°C to 125°C. 
TAIl typical values are at Vcc = 5 V. 


ct s+ ct ect ct 

aS, v Uv ms) Uv 

N a N i = 

~ N a - pa 
1 


+ + + 
U vU U 
N I N 
~~ N ne 


a 
U 
N 
ae 


TEXAS 4% 


INSTRUMENTS 


POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 14-399 


SN55ALS161 


OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


PARAMETER MEASUREMENT INFORMATION 


7V 


FROM (BUS) 
OUTPUT UNDER TEST POINT 
TEST 

500 2 


——---- 3V 
TERMINAL 
INPUT 1.5 V 15V 
| (See Note B) | ov 


tPLH-}e-> 
| 


a, ao ans tes WS 
BUS 2.2V | 
OUTPUT 3% 
VOH 


VOLTAGE WAVEFORMS 


FIGURE 1. TERMINAL-TO-BUS 
PROPAGATION DELAY TIMES 


NOTES: A. Cy includes probe and jig capacitance. 


B. 
tp <6 ns, Zo = 502. 


FROM (TERMINAL) 
OUTPUT UNDER 
TEST 


LOAD CIRCUIT 


— os a 3V 
BUS 
INPUT 15 V 15 V 
l (See Note B) | ov 


tPLH+¢-p 


| + —~—= Vou 
TERMINAL 
OUTPUT 1.5V 1.5V 
VOL 


VOLTAGE WAVEFORMS 


FIGURE 2. BUS-TO-TERMINAL 
PROPAGATION DELAY TIMES 


The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, tp <6 ns 
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SN55ALS161 


OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


PARAMETER MEASUREMENT INFORMATION 


$1 
O—7V 
FROM (BUS) 
OUTPUT UNDER TEST POINT 
TEST 
C_ = 50pF¢s¢ 500 2 
| {See Note A) 
LOAD CIRCUIT 
2 Sean ~~ SSS es ae 
CONTROL y y 
1.5V 1.5V 
INPUT i’ (See Note B) 
—_ =, —S , —_—a_ weeamrdw GS as «as JS | a =_ Ee =P 0 V 
tpPZH- tpHZ— oe 
BUS | 7 VOH 
OUTPUT | 
S1 OPEN eg 
tpPZz_L—+—>| tpLz hem 
| ~3.5V 
BUS 
OUTPUT 
S1 CLOSED 0.5 Vv 
see ee NL 


VOLTAGE WAVEFORMS 


FIGURE 3. BUS ENABLE AND 
DISABLE TIMES . 


NOTES: A. Cy includes probe and jig capacitance. 


$1 


O-—— 7 V 


FROM (TERMINAL) 


OUTPUT TEST POINT 
UNDER TEST 
mL = SU BP ¢ soo 
| (See Note A) 
LOAD CIRCUIT 
eee a {_ ane 4 fr sees 3V 
CONTROL \ \ 
1.5 V 15 V 
INPUT i (See Note B) | 
Bas WORD sy ce hc ss Retna te seh rs Ov 
tPZ2H >| tPHZ— <—- 
TERMINAL | l a, VOH 
OUTPUT | | ° 
S1 OPEN : 
OV 
tPZ2L—>| | 7 
TERMINAL | pee 
OUTPUT | 
S1 CLOSED rv, 
pelbetuen | * | a 


VOLTAGE WAVEFORMS 


FIGURE 4. TERMINAL ENABLE 
AND DISABLE TIMES 


B. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, tr < 6 ns, 


te < 6ns, Zo = 500). 
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SN55ALS161 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


TYPICAL CHARACTERISTICS 


TERMINAL HIGH-LEVEL OUTPUT VOLTAGE TERMINAL LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 


VOH—High-Level Output Voltage—V 
Vo_L—Low-Level Output Voltage—V 


0 -5 -10 -—15 —20 —25 -—30 -—35 —40 0 10 20 30 40 50 60 
1OH—High-Level Output Current—mA loL—Low-Level Output Current—mA 
FIGURE 5 FIGURE 6 


TERMINAL OUTPUT VOLTAGE 
vs 
BUS INPUT VOLTAGE 


Vo—Output Voltage—V 


E VT- VT+ 


0 
0 0.2 04 06 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
V;—Input Voltage—V 


FIGURE 7 
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SN55ALS161 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


TYPICAL CHARACTERISTICS 


BUS HIGH-LEVEL OUTPUT VOLTAGE BUS-LOW LEVEL OUTPUT VOLTAGE 
vs VS 
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 


VoL—Low-Level Output Voltage—V 


VOH—High-Level Output Voltage—V 


0 
0 —10 -20 -30 -40 -50 -60 0 10 20 30 40 50 60 70 80 90 100 
IOH—High-Level Output Current—mA loL — Low-Level Output Current—mA 
FIGURE 8 FIGURE 9 
BUS OUTPUT VOLTAGE BUS CURRENT 
vs vs 


TERMINAL INPUT VOLTAGE 


> < 
| £ 
g, d 
s c 
6 . 
> = 
re O 
= 7) 
2 3 
Ss fea) 
e) | 
| a 
O 3 
| | Py EL. 
on Oa a ae 
09 1.0 1.1 1.2 1.3 1.4 #15 1.6 1.7 —2 -1 0 1 2 3 4 5 6 
Vi—Input Voltage—V Vi/O(bus)—Bus Voltage—V 
FIGURE 10 FIGURE 11 
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14-404 


Meets EIA Standard RS-422-A 
High-Speed, Low-Power ALS Design 
3-State TTL Compatible 

Single 5-V Supply Operation 


High Output Impedance in Power-Off 
Condition 


Complementary Output Enable Inputs 


Improved Replacement for the AM26LS31 


description 


These quadruple complementary-output line 
drivers are designed for data transmission over 
twisted-pair or parallel-wire transmission lines. 
They meet the requirements of EIA Standard 
RS-422-A and are compatible with 3-state TTL 
circuits. Advanced Low-Power Schottky 
technology provides high speed without the 
usual power penalties. Standby supply current 
is typically only 26 mA, while typical 
propagation delay time is less than 10 ns. 


High-impedance inputs maintain input currents 
low, less than 1 yA for a high level and less than 
100 pA for a low level. Complementary control 
inputs, G and G, allow these devices to be 
enabled at either a high input level or low input 
level. The SN75ALS192 is capable of data rates 
in excess of 20 megabits per second and is 
designed to operate with the SN75ALS193 
quadruple line receiver. The SN55ALS192 is also 
capable of data rates in excess of 20 megabits 
per second and designed to operate with the 
SN55ALS193; however, it may be limited to a 
lower bit rate based on the temperature. 
Reference should be made to the Dissipation 
Rating Table and Figure 15. 


The SN55ALS192 is characterized for operation 
over the full military temperature range of 
—55°C to 125°C. The SN75ALS192 is 
characterized for operation from 0°C to 70°C. 


SN55ALS192, SN75ALS192 


QUADRUPLE DIFFERENTIAL LINE DRIVERS 


D2904, JULY 1985—REVISED JUNE 1986 


SN55ALS192 ... J PACKAGE 
SN75ALS192 ...D, J, OR N PACKAGE 


(TOP VIEW) 


SN55ASL192 .. . FK PACKAGE 
(TOP VIEW) 


> <O 
=e Ze 
a Fae i ee 
3 2 1 


18 |] 4Y 
ENABLE G]Jj 5 17L} 4Z 


NcN6 16[] NC 
ort)? 15[] ENABLE G 
2Y 18 14[] 3Z 


9 

aa FS ce) es 2 cee Ee 
<oOoOdo a >» 
N2ZZzo 
NC —No internal connection 


FUNCTION TABLE (EACH DRIVER) 


a | ¢ G@ [| viz 
H xX 
H xX 
X L 
xX L 
LH 


L 
H 
L 
H 
zZ 


H = high level, L = low level, 
Z = high impedance (off), 
X = irrelevant 


PRODUCTION DATA documents contain Copyright © 1986, Texas Instruments Incorporated 
Li patent as a eonpedge date. 43 

roducts conform to specifications per the terms 
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Production processing does not necessarily INSTRUMENTS 


inciude testing of all parameters. 
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SN55ALS192, SN75ALS192 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 


logic symbolt logic diagram (positive logic) 


1¥ 
tz 


2Y 
22 


oY 
32 


4Y 
42 


TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 
Pin numbers shown are for D, J, and N packages. 


schematics of inputs and outputs 


EQUIVALENT OF EACH EQUIVALENT OF EACH EQUIVALENT OF EACH 
DATA (A) INPUT ENABLE INPUT OUTPUT 


Vcc Vcc Vcc 


OUTPUT 
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SN55ALS192, SN75ALS192 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SN55ALS192 SN75ALS192 
rr ee 


Output off-state voltage 


Continuous total dissipation at (or below) 
25°C free-air temperature (see Note 2) 


Operating free-air temperature range 
260 
300 


NOTES: 1. All voltage values except differential output voltage Vop are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to the Dissipation Rating Table. In the J package, SN55ALS192 chips 
are either alloy or silver glass mounted and SN75ALS192 chips are glass mounted. 


DISSIPATION RATING TABLE 


Ta < 25°C DERATING FACTOR Ta = 70°C Ta = 125°C 
POWER RATING ABOVE Ta = 25°C POWER RATING POWER RATING 
D 950 mW 7.6 mW/°C 


PACKAGE 


FK or J (SN55ALS91 2) 1375 mW 11.0 mW/°C 
J (SN75ALS192) 1025 mW 8.2 mW/°C 
N 1150 mW 9.2 mW/°C 


recommended operating conditions 


ee SN75ALS192 
iin ro ax inom wax] 
|Supply voltage, Veg V 


Supply voltage, Vcc 4.5 5 5.5 | 4.75 5 5.25{ Vv | 
2 


125 ¢) 


aig 
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SN5SALS192, SN75ALS192 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


PARAMETER TEST CONDITIONS? 


UNIT 
VIK Input clamp voltage Vcc = MIN, |) = -18mA 
VoL 
Vo 


Low-level output voltage [Vcc = MIN, lo, = 20 mA 
Output voltage Vcc = MAX, lo = 0 
Vopil Differential output voltage [Vcc = MIN, Ig = 0 
2 


Moog) Oiereniatompumvaliage = RL = 100, See rigwe 


AlVop| Change in magnitude of 
OD differential output voltage 8 
Voc  Common-mode output voltage! 100 0, See Figure 1 + +2 
AlVoc| Change in magnitude of 
oc common-mode output voltage 8 
| eT 
lo Output current with power off |Vcc = O pA 
Vo = -0.28V 
Off state (high-impedance Vo = 0.5V 
lo Vcc = MAX yA 
state) output current Vo = 2.8 V 
Input current at maximum 
I Vcc = MAX, Vj = 7V 0.1 0.1 mA 
input voltage 
| High-level input current Vcc = MAX, V| = 2.7 V 20 
pereeee 


Z 

IH 

IL 

os Short-circuit output current* Vcc = MAX =20 =-150 | —30 = 150 | mA 
Icc Supply current (all drivers) Vcc = MAX, All outputs disabled 26 45 26 


tFor conditions shown as MIN or MAX, use the appropriate value specified under Recommended Operating Conditions. 

tAll typical values are at Vcc = 5 V and Ta = 25°C. 

8A|Vop| and A|Vqc| are the changes in magnitude of Vop and Voc, respectively, that occur when the input is changed from a high 
level to a low level. 

{In EIA Standard RS-422A, Voc, which is the average of the two output voltages with respect to ground, is called output offset voltage, Vos. 

#Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 


switching characteristics, Vcc = 5 V, Ta = 25°C (see Figure 2) 


tpLH Propagation delay time, low-to-high-level output 

t Propagation delay time, high-to-low-level output 

a = : Z : Ci = 30 pF, S1 and S2 open 
Output-to-output skew 


tpzH Output enable time to high level RL = 750 11 15 
tpz_ Output enable time to low level RL = 1800 16 20 


tpHzZ Output disable time from high level 8 
Ci = 10 pF, S1 and S2 closed 
tpLz Output disable time from low level 
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SN55ALS192, SN75ALS192 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 


PARAMETER MEASUREMENT INFORMATION 


* 
o1 
=) 
S 
< 
12) 
2) 


FIGURE 1. DIFFERENTIAL AND COMMON-MODE OUTPUT VOLTAGES 


rik tava thin, abe Oa 3V ENABLE G | iit * 3V 
INPUTA 1.3V 1.3V ¥ 1.5V (See Note B) 1.5V 
l | Ov ENABLE G-—-~+| in passe eaie ek ses ov 


| le » lq¢——_t eee | t bet >! 
(See Note A) PL — Vou | mn l re | S1 and 
| | pm nmz 45NV | S2 closed 
OUTPUT Y 15V : 
| | y WAVEFORM 1 | $1 Closed, 15 V | | ~1.5V 
| OL S2 open | — 
Skew je | Skewes) (See Note C) | | aan ae wes neren WE 
| i kk— tp2H —» 4s in 
tPHL +>} le—tpLH—s! tPHZ $y 0.5V 
|, VOH | 1 
OUTPUT Z 1.5V WAVEFORM 2 S1 open, aan. —semiaties 
—-VoL (See Note C) S2 closed Fis V ~1.5V 
at ent one BT $1 and 
S2 closed 
PROPAGATION DELAY TIMES AND SKEW ENABLE AND DISABLE TIMES 


VOLTAGE WAVEFORMS 


TEST 
POINT Vcc 
180 92 
$1 
FROM OUTPUT 
UNDER TEST 
CL 752 
(See Note D) $2 


TEST CIRCUIT 


NOTES: A. When measuring propagation delay times and skew, switches S1 and S2 are open. 
B. Each enable is tested separately. 
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 


D. Cy, includes probe and jig capacitance. 
E. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Z5 ~ 500, tps 15 ns, and 


t¢ < 6 ns. 


FIGURE 2. SWITCHING TIMES 
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SN55ALS192, SN75ALS192 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 


TYPICAL CHARACTERISTICS 


Y OUTPUT VOLTAGE Y OUTPUT VOLTAGE 
ES VS 
DATA INPUT VOLTAGE DATA INPUT VOLTAGE 


Vo—Output Voltage—V 
Vo—Output Voltage —V 


; 2 
V,—Data Input Voltage—V V;— Data Input Voltage—V 
FIGURE 3 FIGURE 4 
Y OUTPUT VOLTAGE Y OUTPUT VOLTAGE 
vs vs 
ENABLE G INPUT VOLTAGE ENABLE G INPUT VOLTAGE 
4.0 SS 5.0 
|| UT Pern veo = 8 
IR Se non 
> 3.0 i ES ee Gen 7 ; 
& 25 g 
3 . 
¢ 2.0 5 
: 3° 
Ss =| 
3 1.5 = 
fe) Oo 4 
> =~ 


0 
0 0.5 1.0 1.5 2.0 2.5 3.0 
V;—Enable G Input Voltage—V V,;—Enable G Input Voltage—V 
FIGURE 5 FIGURE 6 


NOTE 3: The A input is connected to Vcc during the testing of the Y outputs and to ground during the testing of the Z outputs. 
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SN55ALS192, SN75ALS192 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 


TYPICAL CHARACTERISTICS 


Z OUTPUT VOLTAGE 
vs 
ENABLE G INPUT VOLTAGE 


Ri = 470 82 to Vcc 
See Note 3 


Vo-Output Voltage—V 


0 
0 0.5 1.0 12 2.0 25 3.0 
V;—Enable G Input Voltage—V 


FIGURE 7 


HIGH-LEVEL OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


VOH—High-Level Output Voltage—V 


-75-50-25 0 25 50 75 100 125 


Ta—Free-Air Temperature — °C 


FIGURE 9 


Z OUTPUT VOLTAGE 
vs 
ENABLE G INPUT VOLTAGE 


Vec = 5V 
RL = 470 Q 


to Vcc 
See Note 4 


Z 


Wy 


Vo—Output Volitage—V 


7 
/ 
g 
i 


0 0.5 1.0 1.5 2.0 20 0 
V;—Enable G Input Voltage—V 


FIGURE 8 
HIGH-LEVEL OUTPUT VOLTAGE 


vs 
OUTPUT CURRENT 


5.0 
See Note 3 
pane 


VOH—High-Level Output Voltage—V 
N 
o 


1QH—High-Level Output Current—mA 


FIGURE 10 


NOTES: 3. The A input is connected to Vcc during the testing of the Y outputs and to ground during the testing of the Z outputs. 
4. The A input is connected to ground during the testing of the Y outputs and to Vcc during the testing of the Z outputs. 
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SNS5ALS192, SN75ALS192 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 


TYPICAL CHARACTERISTICS 


LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
vs Vs 
FREE-AIR TEMPERATURE OUTPUT CURRENT 


Vo_—Low-Level Output Voltage—V 
VoL—Low-Level Output Voltage—V 


0 
-75 -50 -25 0 25 50 75 100 125 0 10 20 30 40 50 60 70 80 90 100 
Ta—Free-Air Temperature — °C loL—Low-Level Output Current—mA 
FIGURE 11 FIGURE 12 
SUPPLY CURRENT SUPPLY CURRENT 
vs vs 
SUPPLY VOLTAGE SUPPLY VOLTAGE 


A Inputs Open or Grounded 
Outputs Disabled 


No Load 

< =25°¢ 
t es hs 
| i 
: 5 
6 5 
> = 
a = 
? ? 

oO 
© 9 

0 1 2 3 4 5 6 7 8 
Vcc—Supply Voltage—V Vcc—Supply Voltage—V 
FIGURE 13 FIGURE 14 


NOTE 4: The A input is connected to ground during the testing of the Y outputs and to Vcc during the testing of the Z outputs. 
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SN55ALS192, SN75ALS192 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 


TYPICAL CHARACTERISTICS 


SUPPLY CURRENT 
vs 
FREQUENCY 


60 


Iinput=Oto3 V 


50+ Duty Cycle = 50% 
JL 40 
= 
: / 
2: 
jek 
3 at 
; 20 
O 
“ rT ll 
0 
10 k 100 k 10M 100 M 
a: 
FIGURE 15 
U 
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SN55ALS193, SN75ALS193 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 
WITH 3-STATE OUTPUTS 


D2931, JUNE 1986—REVISED NOVEMBER 1989 


@ Meets EIA Standards RS-422-A and SN55ALS193, SN75ALS193 ... J PACKAGE 
RS-423-A SN75ALS193 .. . D OR N PACKAGE 


(TOP VIEW) 
@ Meets CCITT Recommendations V.10, 


V.11, X.26, and X.27 


@® Designed for Multipoint Bus Transmission on 
Long Bus Lines in Noisy Environments 


® 3-State Outputs 


@® Common-Mode Input Voltage 


Range... —-7Vto7V 
@ Input Sensitivity ... +200 mV 
@ Input Hysteresis... 120 mV Typ SN55ALS193 .. . FK PACKAGE 
(TOP VIEW) 
@® High Input Impedance... 12 kQ Min “ 
ome 
® Operates from Single 5-V Supply =P2se 
Eo a Le ba 
@ Low Icc Requirements: 321 
Icc ... 35 mA Max 1¥Y U4 18[] 4A 
G 5 170) 4Y 
@ Improved Speed and Power Consumption NC 1671 NC 


Compared to AM26LS32A 


a 2A 14(] 3Y 
description 
= ee {__) 
The SN55ALS193 and SN75ALS193 are NMOOMae 
monolithic quadruple line receivers with 3-state ee ae Oe ee 


outputs designed using Advanced Low-Power 

Schottky technology. This technology provides NC —No internal connection 

combined improvements in bar design, tooling 

production, and wafer fabrication, which in turn, 

provide significantly lower power requirements 

and permit much higher data throughput than 

other designs. The devices meet the 

specifications of EIA Standards RS-422-A and RS-423-A. The 3-state outputs permit direct connection 
to a bus-organized system with a fail-safe design that ensures the outputs are always high if the inputs 
are open. 


The devices are optimized for balanced multipoint bus transmission at rates up to 20M b/s. The input 
features high input impedance, input hysteresis for increased noise immunity, and an input sensitivity of 
+200 mV over a common-mode input voltage range of — 7 to 7 V. The devices also feature active-high 
and active-low enable functions that are common to the four channels. The SN55ALS193 and SN75ALS193 
are designed for optimum performance when used with the SN55ALS192 and SN75ALS192 quadruple 
differential line drivers. 


The SN55ALS193 is characterized for operation from —55°C to 125°C. The SN75ALS193 is characterized 
for operation from O°C to 70°C. 


UNLESS OTHERWISE NOTED this document contains s Copyright © 1989, Texas Instruments Incorporated 
PRODUCTION DATA information current as of | 

publication date. Products conform to specifications TEXAS 

per the terms of Texas Instruments standard 

warranty. Production posse does not necessarily IN ST RUM ENTS 

include testing ‘sf all parameters. POST OFFICE BOX 655303 © DALLAS, TEXAS 75265 14-415 


SN55ALS193, SN75ALS193 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 


WITH 3-STATE OUTPUTS 


logic symbolT 


TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 


IEC Publication 617-12. 
Pin numbers shown are for D, J, and N packages. 


logic diagram (positive logic) 


TEXAS 4% 
INSTRUMENTS 
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SN55ALS193, SN75ALS193 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 
WITH 3-STATE OUTPUTS 


FUNCTION TABLE (EACH RECEIVER) 


DIFFERENTIAL ENABLES OUTPUT 


TYPICAL OF ALL OUTPUTS 
Voc = 


Vcc 


OUTPUT 


TEXAS 4B 


INSTRUMENTS 
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SN55ALS193, SN75ALS193 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 
WITH 3-STATE OUTPUTS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) tT 


supply vortage, VCC (See NOTE 1) s. ccc cance eee ee ber pee eR ER SEEK KROES DEE KED OOOH KE 7V 
ingut voltage, A Gr B GUNS cca chee ee Sb SOS PEERS ETS ee OOO E ERE DE i oO EK SE: +15 V 
Differential input voltage (see Note 2) ..... 2... 00. ee e115 '¥ 
Ege (AL WONEGE o.oo. cee hw ek eh P VY Oe eae Re Ee ee Ee eee ee es 7V 
LOWHIEVEl GLUT CTO nce ccc eed eS CERO ELS Ow hee ee DO ee 50 mA 
CONTMUOGUS TOTAl GISSIDETION.« ccc caws eee cena ees aes eesea cee s See Dissipation Rating Table 
Operating free-air temperature range: SN55ALS193 ...............2....005. =—55°C to 125°C 

SMIGPLGIGS ses seeeeediaeaeeueve we sess O"C to 70°C 
Storage Temperature FANOG 66 66 kk hae HR SEK HERDER RO DDO DRO EDS —65°C to 150°C 
Case temperature for 60 seconds: FK package ............. 0. ee eee ee eee 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ......... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............. s00°C 


T Stresses beyond those listed under ‘absolute maximum ratings’’ may cause permanent damage to the device. These are stress ratings 
only, and functional operation of the device at these or any other conditions beyond those indicated in ‘‘recommended operating conditions’’ 
is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. All voltage values, except differential input voltage, are with respect to network ground terminal. 

2. Differential-input voltage is measured at the noninverting input with respect to the corresponding inverting input. 


DISSIPATION RATING TABLE 


Ta < 25°C DERATING FACTOR Ta = 70°C Ta = 125°C 
POWER RATING ABOVE T, = 25°C POWERRATING POWER RATING 
D 950 mW 7.6 mW/°C 


PACKAGE 


FK 1375 mW 11.0 mW/°C 
J (SN55ALS193) 1375 mW 11.0 mW/°C 
J (SN75ALS193) 1025 mW 8.2 mW/°C 
N 1150 mW 9.2 mW/°C 


recommended operating conditions 


Common-mode input voltage, Vic + 
Differential input voltage, Vip 


70 


ADVANCE INFORMATION concerns new products in ° 
the sampling or preproduction phase of development. | 
Characteristic data and other specifications are TEXAS 

subject to change without notice. INSTRUMENTS 
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SN55ALS193, SN75ALS193 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 
WITH 3-STATE OUTPUTS 


electrical characteristics over recommended range of common-mode input voltage, supply voltage, 


and operating free-air temperature (unless otherwise noted) 
SN55ALS193 SN75ALS193 
UNIT 


PARAMETER 
¥ Positive-going 
T+ threshold voltage 
‘ Negative-going ~2008 = 7008 
t= threshold voltage 
Vhys Hysteresis? 120 
Enable-input 
Wie Vec = MIN, | = —18mA =1.8 a 
clamp voltage 
7 High-level Vcc = MIN, ViD = 200 mv, 25 36 25 36 
OH output voltage IOH = —400 yA, See Figure 1 , . 
Vip = —200 mV, 
See Figure 1 lol = 16 mA 


High-impedance-state Vo = 2.4V = 
loz Vcc = MAX és 
output current Vo = 0.4 V 
V = MIN, 
a : 0.7 1.2 0.7 1:2 
Vi = 15 V _ 
Vcc = MAX, | 
ona -1.0 -1.7 -1.0 -1 
Vy = -15V 


" 20 


TEST CONDITIONSt 


Low-level 


output voltage 


o 
on 
(o) 


| 
NTN 
O;oO 
| 
NO] NM 
io) 


Other input at O V, 
See Note 3 


ND 
oO 
io) 
[ 


MAX, Vit = 0.4 V — 100 
a 218 
Short-circuit Vcc = MAX, Vip = 3 V, 


=—15 =-78 =—120) =15 -78 =130 


35 [mA 


mV 
mV 
mV 
V 
V 
V 
pA 
mA 
LA 
pA 
kQ 
mA 
A 


los _ 
output current Vo = 0 See Note 4 
icc Supply current Vcc = MAX, Outputs disabled 


tFor conditions shown as MIN or MAX, use the appropriate values specified under recommended operating conditions. 
TAIl typical values are at Vcc = 5 V, Ta = 25°C. 
8The algebraic convention, in which the less positive limit is designated minimum, is used in this data sheet for threshold voltage levels only. 
{Hysteresis is the difference between the positive-going input threshold voltage, VT 4, and the negative-going input threshold voltage, 
VT —. See Figure 4. 
NOTES: 3. Refer to EIA Standard RS-422-A and RS-423-A for exact conditions. 
4. Not more than one output should be shorted at a time and the duration of the short circuit should not exceed one second. 


switching characteristics, Vcc = 5 V, Ta = 25°C 


PARAMETER TEST CONDITIONS 
Propagation delay time, 
tPLH Vip = ~—2.5 V to 2.5 V, nue 15 22 
low- to high level output C) = 15 oF 
Propagation delay time, L = al 
tPHL See Figure 2 22 15 22 
high- to low-level output 
1 
25 


3 


tpz_ Output enable time to low level 7 
t Output disable time from high level 
PHZ P 9 CL. = 5 pF, See Figure 3 

tp_z Output disable time from low level 


15 
15 

t Output enable time to high level 13 25 
pan E CL = 15 pF, See Figure 3 
. 3 
15 


lida hepleditly _— pele el in j 

the sampling or preproduction phase of development. 

Characteristic data and other specifications are I TEXAS 

subject to change without notice. NSTRUMENTS 
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SN55ALS193, SN75ALS193 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 
WITH 3-STATE OUTPUTS 


PARAMETER MEASUREMENT INFORMATION 


VID 


IOH 
(—) 


2VvV 


—__m a= | a 2.5 V 
GENERATOR 1 INPUT Ov Ov 
(See Note A) | -2.5V 


2V 


TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle < 50%, Zoyt = 
50 (),t; = 6 ns, t; = 6 ns. 
B. Cy inciudes probe and jig capacitance. 


FIGURE 2. tpLH. tPHL 


TEXAS 4 
INSTRUMENTS 
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SN55ALS193, SN75ALS193 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 
WITH 3-STATE OUTPUTS 


PARAMETER MEASUREMENT INFORMATION 


TEST 
POINT Vcc 


Rp = 2 kQ 


$1 


FROM OUTPUT 


T 
UNDER TES (See Note B) 


Cy 
(See Note A) 


$2 


LOAD CIRCUIT 


ENABLE ENABLE 


4 closed 
OUTPUT 7) nines 


S2 open 
S1 closed 
S2 closed 
VOLTAGE WAVEFORMS FOR tpy7, tpzH VOLTAGE WAVEFORMS FOR tp,z tpzi 


NOTES: A. Cy includes probe and jig capacitance. 
B. All diodes are 1N3064 or equivalent. 
C. Enable G is tested with G high; G is tested with G low. 


FIGURE 3. tpHZ. tPZH. tPLZ. tPZL 


TEXAS 4% 
INSTRUMENTS 
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SN55ALS193, SN75ALS193 


QUADRUPLE DIFFERENTIAL LINE RECEIVERS 


WITH 3-STATE OUTPUTS 


TYPICAL CHARACTERISTICST 


OUTPUT VOLTAGE 
vs 
ENABLE VOLTAGE 


Vip = 200 mV 


Vic = 0 
Ri = 8 kQ to GND 


Vo— Output Voltage—V 


Enable Voltage—V 
FIGURE 4 


OUTPUT VOLTAGE 
vs 
ENABLE VOLTAGE 


Vip = -200 mV 


Vic = 0 


Rt = 1kQ to Vcc 


Ta = 25°C 


Vo—Output Voltage—V 


Enable Voltage—V 
FIGURE 6 


OUTPUT VOLTAGE 
vs 
ENABLE VOLTAGE 


Vo— Output Voltage—V 


0 0.5 1 1.5 2 2.5 3 
Enable Voltage—V 
FIGURE 5 


OUTPUT VOLTAGE 
vs 
ENABLE VOLTAGE 


Vo—Output Voltage—V 


Vip = — 200 mV 
Vic = O 
RL = 1kQ to Vcc 


Enable Voltage—V 
FIGURE 7 


T Data for temperatures below O°C and above 70°C, and below 4.75 V and above 5.25 V, are applicable to SN55ALS193 circuits only. 


14-422 
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SN55ALS193, SN75ALS193 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 
WITH 3-STATE OUTPUTS 


TYPICAL CHARACTERISTICST 


OUTPUT VOLTAGE 
vs 
DIFFERENTIAL INPUT VOLTAGE 


Vo— Output Voltage—V 


— 200 -— 100 0 100 
Vip — Differential Input Voltage —mV 
FIGURE 8 


HIGH-LEVEL OUTPUT VOLTAGE 
vs 
HIGH-LEVEL OUTPUT CURRENT 


e 

ptt ET NAN TL 
ptt tT TE LNNNA 
SREB 


VOH— High-Level Output Voltage —V 


0 
0 - 20 -40 - 60 -80 -100 
IOH— High-Level Output Current—mA 
FIGURE 10 


HIGH-LEVEL OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


VOH—High-Level Output Voltage —V 


-75 -50 -25 0 
Ta—Free-Air Temperature— °C 


FIGURE 9 


25 50 75 100 125 


HIGH-LEVEL OUTPUT VOLTAGE 
vs 
HIGH-LEVEL OUTPUT CURRENT 


3.5 


Ng 


0 LARK a = 28°C 
Ta = 70°e We | || 
Mine \S 
Ta = 125°C \) 


VoH—High-Level Output Voltage —V 


NS 
eee 
oL-Li | | | IST 
0 AAS 
0 -20 -40 -60 -80 -100 
10H — High-Level Output Current—mA 
FIGURE 11 


TData for temperatures below 0°C and above 70°C, and below 4.75 V and above 5.25 V, are applicable to SN55ALS193 circuits only. 
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SN55ALS193, SN75ALS193 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 
WITH 3-STATE OUTPUTS 


TYPICAL CHARACTERISTICST 


LOW-LEVEL OUTPUT VOLTAGE 
VS 
FREE-AIR TEMPERATURE 


Vcc = 5V 
Vip = —200 mV 


Vo_L—Low-Level Output Voltage—V 


-75 -50-25 0 25 50 75 100125 
Ta —Free-Air Temperature — °C 


FIGURE 12 


LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 


VS VS 
LOW-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 


A 
naae// 2 @m 
Pore 


CaGiitie 


Vo_—Low-Level Output Voltage—V 
o Oo o 
wo o 
\N 
X& 
as 
Vo_—Low-Level Output Voltage—V 


Vip = —200 mV 
0.1 Vic = 0 
‘ A = 25°C 
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 
lo. —Low-Level Output Current—mA 


lot —Low-Level Output Current—mA 


FIGURE 13 FIGU"E 14 


T Data for temperatures below O°C and above 70°C, and below 4.75 V and above 5.25 V, are applicable to SN55ALS193 circuits only. 
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SN55ALS193, SN75ALS193 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 
WITH 3-STATE OUTPUTS 


TYPICAL CHARACTERISTICSt 


SUPPLY CURRENT SUPPLY CURRENT 
vs VES) 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
aa 
: : | 
rs = 
My a a Gee ce, 
| | tT 
= =| 
: oisasten / 3 a ae om 
> = 
g 2 
a 7 
| 
Vip = —200 mv 
Outputs Enabled 
lo = 0 
0 
0 1 2 3 4 5 6 7 8 -75 -50 -25 0 25 50 75 100 125 
Vcc—Supply Voltage—V Ta —Free-Air Temperature — °C 
FIGURE 15 FIGURE 16 
SUPPLY CURRENT SUPPLY CURRENT 
vs vs 
DIFFERENTIAL INPUT VOLTAGE FREQUENCY 
=5V 
+1.5 V Square Wave 
t < Four Channels Driven 
3 Ta = 25°C 
~ | 
Cc a = e, 
i mI 
=| 
= a a a O TTI 
= > 
: CME ETT HLT 
a 
. il 
eo MIL TAMIL LUI 
© 
2 lo = O is 


Outputs Enabled 
Vig = 9 


0 
0 
— 200 -— 100 0 100 200 10 k 100 k 1M 10M 100 M 
Vip — Differential Input Voltage —mV 


f — Frequency — Hz 


FIGURE 17 FIGURE 18 


T Data for temperatures below 0°C and above 70°C, and below 4.75 V and above 5.25 V, are applicable to SN55ALS193 circuits only. 
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SN55ALS193, SN75ALS193 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 
WITH 3-STATE OUTPUTS 


TYPICAL CHARACTERISTICST 


INPUT RESISTANCE INPUT CURRENT 
VS VS 
FREE-AIR TEMPERATURE INPUT VOLTAGE 


rj—Input Resistance — k?? 
lj—Input Current—mA 
° 


0 -3 
-75 -50 -25 0 25 50 75 100 125 -20 -15 -10 -5 0O 5 10 15 20 
Ta —Free-Air Temperature — °C V;—Input Voltage to GND—V 
FIGURE 19 FIGURE 20 
SWITCHING CHARACTERISTICS PROPAGATION DELAY TIME 
VS VS 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 


| 


— 
a i | 


Zs 
a 


Switching Times—ns 
tpd— Propagation Delay Time—ns 


) 
-75-50-25 0 25 50 75 100 125 4546 4.7 4.8 4.9 5.0 5.1 5.2 5.35.4 5.5 
Ta —Free-Air Temperature — °C Vcc—Supply Voltage—V 
FIGURE 21 | FIGURE 22 


TData for temperatures below 0°C and above 70°C, and below 4.75 V and above 5.25 V, are applicable to SN55ALS193 circuits only. 
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SN55ALS194, SN75ALS194 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 
WITH 3-STATE OUTPUTS 


D2917, OCTOBER 1985—REVISED OCTOBER 1988 


Meets EIA Standard RS-422-A SN55ALS194 . . . J PACKAGE 
SN75ALS194...D, J, OR N PACKAGE 
High-Speed ALS Design (TOP VIEW) 


3-State TTL-Compatible 
Single 5-V Supply Operation 


High Output Impedance in Power-Off 
Condition 


@ Two Pairs of Drivers Independently Enabled 


@ Designed as a Replacement for the MC3487 
with Improvements: Icc 50% Lower, 


Switching Speed 30% Faster, Full- SN55ALS194 .. . FK PACKAGE 
Temperature-Range Version (TOP VIEW) 
—_ O 
description >aqo od 
-~r2Z2>¢ 
These quadruple complementary-output line — =e 


drivers are designed for data transmission over 
twisted-pair or parallel-wire transmission lines. 
They meet the requirements of EIA Standard 
RS-422-A and are compatible with 3-state TTL 
circuits. Advanced Low-Power Schottky 
technology provides high speed without the 
usual power penalty. Standby supply current is 
typically only 26 mA, while typical propagation 
delay time is less than 10 ns and enable/disable O 
times are typically less than 16 ns. 


1Z)4 
1,2ENU5 1742 

Nc{]6 16L]NC 

97117 15} 3,4EN 


2YU8 


9 

wee Boe Noe Foe Be 
qa0odt> 
N2Z2Zeom 


NC—No internal connection 


High-impedance inputs keep input currents low, 
less than 1 pA for a high level and less than 
100 yA for a low level. The driver circuits can 
be enabled in pairs by separate active-high 


FUNCTION TABLE (EACH DRIVER) 


enable inputs. The SN55ALS194 and H L 
SN75ALS194 are capable of data rates in excess L H 

of 10 megabits per second and are designed to | High-Impedance | High-Impedance 
Operate with the SN55ALS195— and 

SN75ALS195 quadruple line receivers. H = TTL high level, L = TTL low level, X = irrelevant 


The SN55ALS$ 194 is characterized for operation 
from —55°C to 125°C. The SN75ALS194 is 
characterized for operation from O0°C to 70°C. 


current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 


standard warranty. Production processing does not 
necessarily include testing of all parameters. INSTRUMENTS 
POST OFFICE BOX 655303 + DALLAS, TEXAS 75265 14-477 


PRODUCTION DATA documents contain information dip Copyright © 1988, Texas Instruments Incorporated 
TEXAS 


SN55ALS194, SN75ALS194 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 
WITH 3-STATE OUTPUTS 


logic symbolt logic diagram (positive logic) 


(4) 


1,2EN 
1,2EN 


1a lv) 


2A 


3,4EN 


4A (15) 


4Z 3A 


T This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 
Pin numbers shown are for D, J, and N packages. 4A 


schematics of inputs and outputs 


EQUIVALENT OF EACH EQUIVALENT OF EACH EQUIVALENT OF EACH 
DATA (A) INPUT ENABLE INPUT OUTPUT 


Vcc Vcc Vec 


OUTPUT 


Texas W 
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SN55ALS194, SN75ALS194 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 
WITH 3-STATE OUTPUTS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Suppy waltade, Vor (266 NGG ois wee ccc cae ore be eho Nw EKER ERED EOE DO HE SEE HS 7V 
i VOIAGG, Vio kc an bby SER EK OO 8788 OER OO REEDS ORES ESA ED EO Ro ¥ 
COnunuGus total GiSSiIDSION 14.64 dese e esa desea dene eet rewavan See Dissipation Rating Table 
Operating free-air temperature range: SN55ALS194 .................0008.4 —55°C ta 125°C 

SINIGALSI OS 6 caw cheer ead eee eoeeenens O°C to 70°C 
Storage TSMOSAHNE TENGE. oc casacewee essed eee eee tended a edwe eee ee ae —65°C to 150°C 
Case temperature for 60 seconds: FK package... ....ccer cen eaeuneanetawvcuneneenn 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 


NOTE 1: All voltage values are with respect to network ground terminal. 


DISSIPATION RATING TABLE 


Ta < 25°C DERATING FACTOR Ta = 70°C . Ty = 125°C 
POWER RATING ABOVET, = 25°C POWERRATING POWER RATING 
D 950 mW 7.6 mW/°C 
FK 1375 mW 11.0 mW/°C 


PACKAGE 


J (SN55ALS194) 1375 mW 11.0 mW/°C 
J (SN75ALS194) 1025 mW 8.2 mW/°C 
N 1150 mW 9.2 mW/°C 


recommended operating conditions 


Supply voltage, Vcc 4.5 ‘ : 5.25 
Alinputs, Ta = 2 
High-level input voltage, Vj A inputs, Ta = Full range 


EN inputs, TA = Full range 


Wa 
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SN55ALS194, SN75ALS194 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 
WITH 3-STATE OUTPUTS 


electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
range (unless otherwise noted) 
Vv 


MIN TYPt MAX 


PARAMETER TEST CONDITIONS 
ViK Input clamp voltage Vcc = MIN, l} = —18 mA 


, Vcc = MIN, SN55ALS 194 : 
VOH High-level output voltage 
IOH = —20 mA SN75ALS194 : 


VOL Low-level output voltage Vcc = MIN, lo. = MAX 
vo Output voltage i 
iVopi) Differential output voltage fio=O 


\Vop2| Differential output voltage 


aie Change in magnitude of 
OD differential output voltage * Ri = 100 Q, See Figure 1 
Voc Common-mode output voltage 


Change in magnitude of 


’z VOD1 


NI} 
N N oO] & 
H+ 
ia aw 
wl] + fo) 


A\V 
Voc! common-mode output voltage + 


Vo =6V 
lo Output current with power off Vcc = 0 
Vo = -0.25 V 
Vec = MAX, | Vo = 2.7 V 100 


loz High-impedance state output current Output enables 
at 0.8 V Vo = 0.5 V 


Vee = MAK WS BBV 
Veg = MAX, _Vj=2V =40 
Voc = MAX, All outputs disabled 


T All typical values are at Vcc = 5 V, Ta = 25°C. 

*A|Vop| and A|Voc| are the changes in magnitude of Vgp and Vgc, respectively, that occur when the input is changed from a high 
level to a low level. 

8 Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 


+ 
> 


> 


= it 
>| > 


| | 
NO — 
jo) (e) 
oO io) 


H+ 
o 
pp 


3 
> 


| 
h/ pf 
jo) 


NO 
o>) 
oO 


switching characteristics, Vcc = 5 V, TA = 25°C 


TEST SN55ALS194 SN75ALS194 
PARAMETER 
CONDITIONS MIN TYP MAX | MIN TYP MAX 
3 : 


Cc 
= 
+ 


Ww 


tpLH Propagation delay time, low-to-high-level output 15 oF 

tpH_ Propagation delay time, high-to-low-level output ; she 
See Figure 2 

Output-to-output skew 

4 


6 1 
9 1 
5 
tTp _Differential-output transition time 8 1 
See Figure 3 
9 
12 
Zz 


£ 


ig) 
ol 
oOo) 


No 
=" 
i) 
on 


; 


ee 


[e) 
= 
ie) 
i) 
(‘2 


Cy = 15 pF, 


6 
9 
8 
9 
See Figure 4 9 


= 
NO 
a 
oa}; 
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QUADRUPLE DIFFERENTIAL LINE DRIVERS 
WITH 3-STATE OUTPUTS 


SYMBOL EQUIVALENTS 


DATA SHEET PARAMETER 


|Vob2!| Vt a 700 2) 
A|Vop| | |Vel — 1Vel | 


Voc 
as 
FIGURE 1. DRIVER Vop AND Voc 


Ilxal, te 


PARAMETER MEASUREMENT INFORMATION 


-------- 4 SV Le tp Ho St 


Y OUTPUT 


GENERATOR 
(See Note A) 


] 
iC, = 15 pF 


(See Note B) 


| VOH 


2 OUTPUT 


TEST CIRCUIT VOLTAGE WAVEFORM 


FIGURE 2. PROPAGATION DELAY TIMES 


iat mae BAY 
i i ae 


GENERATOR 


tto a et 
(See Note A) OUTPUT 1 | 1 | TD 
| 90% | 
CL > 10% 
= Sy sesled Gath ling: cibi kde - (See Note B) 


TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 3. DIFFERENTIAL-OUTPUT TRANSITION TIMES 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: tr < 5 ns, tt < 5 ns, PRR < 1 MHz, duty 
cycle < 50%, Zy = 50 0. 
B. Cy includes probe and stray capacitance. 
C. All diodes are 1N916 or 1N3064. 
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SN55ALS194, SN75ALS194 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 
WITH 3-STATE OUTPUTS 


PARAMETER MEASUREMENT INFORMATION 


l OUTPUT 
J l $1 200 2 
! 
) | 
| 


C, = 50 pF 
| (See Note B) 


GENERATOR 
(See Note A) 


TEST CIRCUIT 


OUTPUT ————— a OUTPUT 3V 
ENABLE 1.5V ENABLE 1.5V 
INPUT Ov INPUT 9 y—/! 


! 
tPHZ-# - tpzL ie 
OUTPUT I"Bo5v OH OUTPUT 
$1 CLOSED l $1 CLOSED | ATS 
| 
S2 CLOSED ee es ~15V S2 OPEN VOL 
output * 7 =1.5V output “P24 “\ “- VOH 
$1 CLOSED 7 S1 OPEN 15V 
$2 CLOSED Sis, S2 CLOSED 


VOLTAGE WAVEFORMS 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: tr < 5 ns, ts < 5ns, PRR < 1 MHz, duty 
cycle < 50%, Zp) = 50 2. 

Ci includes probe and stray capacitance. 

C. All diodes are 1N916 or 1N3064. 


FIGURE 4. DRIVER ENABLE AND DISABLE TIMES 


oo 
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SN55ALS194, SN75ALS194 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 
WITH 3-STATE OUTPUTS 


TYPICAL CHARACTERISTICS T 


Y OUTPUT VOLTAGE 
vs 
DATA INPUT VOLTAGE 


Vo—Output Voltage—V 


V;—Data Input Voltage—V 
FIGURE 5 


Y OUTPUT VOLTAGE 
vs 
ENABLE G INPUT VOLTAGE 


Veo =5.5 V 


Vo—Output Voltage—V 


J 


3. 


1.0 1s 2.0 25 
V;—Enable G Input Voltage—V 
FIGURE 7 


TData for temperatures below O0°C and above 70°C are appli 


Y OUTPUT VOLTAGE 
vs 
DATA INPUT VOLTAGE 


Ww 
o ua 


2.5 


Vo— Output Voltage—V 
= = 
oa Oo 


bd 
1 


1.5 
V,— Data Input Voltage—V 
FIGURE 6 


Y OUTPUT VOLTAGE 
VS 
ENABLE G INPUT VOLTAGE 


Ri = 470 Q to Ground 
4.0 See Note 2 


Vo — Output Voltage—V 


0 


V;—Enable G Input Voltage—V 


FIGURE 8 
cable to SN55ALS194 circuits only. 


NOTE 2: The A input is connected to Vcc during the testing of the Y outputs and to ground during the testing of the Z outputs. 
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QUADRUPLE DIFFERENTIAL LINE DRIVERS 
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TYPICAL CHARACTERISTICST 


Z OUTPUT VOLTAGE Z OUTPUT VOLTAGE 
VS VS 

ENABLE G INPUT VOLTAGE ENABLE G INPUT VOLTAGE 

6 
aa Vec = 5V 

Vcc = 5.5 V RL = 470 Qto Vcc RL = 4700 
5 Vcc =5V See Note 2 to Vcc 

Vcc = 4.5 V i Sel : See Note 3 


; ae! 
| iE 


Vo-Output Voltage—V 
Vo —Output Voltage—V 


0 0.5 1.0 1.5 2.0 2.5 3.0 


V—Enable G Input Voltage—V Vj—Enable G Input Voltage—V 
FIGURE 9 FIGURE 10 
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
VS vs 
FREE-AIR TEMPERATURE OUTPUT CURRENT 


lIOH = —20 mA 
See Note 2 


= 
SSE 
INNA 
_INAAI 


-75 -50 -25 O 25 50 75 100 125 0 —2 —4 —100 
Ta—Free-Air Temperature— °C eaceneed ence eyeeeuk 
FIGURE 11 FIGURE 12 


VOH—High-Level Output Voltage—V 


VOH—High-Level Output Voltage—V 


TData for temperatures below 0°C and above 70°C are applicable to the SN55ALS194 circuits only. 
NOTES: 2. The A input is connected to Vcc during the testing of the Y outputs and to ground during the testing of the Z outputs. 
3. The A input is connected to ground during the testing of the Y outputs and to Vcc during the testing of the Z outputs. 
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TYPICAL CHARACTERISTICSt 


LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 


VS 


vs 
FREE-AIR TEMPERATURE OUTPUT CURRENT 


See Note 3 
Ta = 25°C 


Vo_—Low-Level Output Voltage—V 
VoL_—Low-Level Output Voltage—V 


0 : 
-75 «56 —=275 6 25 50 75 100 125 0 10 20 30 40 50 60 70 80 90 100 
FIGURE 13 FIGURE 14 
SUPPLY CURRENT SUPPLY CURRENT 
vs Vs 
SUPPLY VOLTAGE SUPPLY VOLTAGE 


A Inputs Open or Grounded 
Outputs Disabled 

No Load 

Ta=25C 


Icc—Supply Current—mA 
Icc—Supply Current—mA 


Vcc—Supply Voltage—V Vcc—Supply Voltage—V 
FIGURE 15 FIGURE 16 


T Data for temperatures below 0°C and above 70°C are applicable to the SN55ALS194 circuits only. 
NOTE 3: The A input is connected to ground during the testing of the Y outputs and to Vcc during the testing of the Z outputs. 
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TYPICAL CHARACTERISTICS 


SUPPLY CURRENT 
vs 
FREQUENCY 


Vcc = 5V 
Input = Oto3 V 
a Cycle = 50% 
= 30 pF to All Outputs 


LAM 
Tne ail! ait 


AH Ut 


0 
10k 100 k 1M 10M 100 M 
f—Frequency —Hz 


FIGURE 17 


Icc—Supply Current—mA 
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D2928, JUNE 1986—REVISED NOVEMBER 1989 


@® Meets EIA Standards RS-422-A and SN55ALS195, SN75ALS195... J PACKAGE 
RS-423-A SN75ALS195...D OR N PACKAGE 
(TOP VIEW) 


@ Meets CCITT Recommendations V.10, 
V.11, X.26, and X.27 


@ -7Vto 7 V Common-Mode Range with 
200-mV Sensitivity 


@ 3-State TTL-Compatible Outputs 
@ High Input Impedance... 12 kQ Min 
@® Input Hysteresis ... 120 mV Typ 
@® Single 5-V Supply Operation 
iia SN55ALS195 .. . FK PACKAGE 
@ Low Supply Current (TOP VIEW) 
Requirement... 35 mA Max 9 
@ Improved Speed and Power Consumption = S S = 
Compared to MC3486 
ow 1Y [J 4 18{] 4A 
description 12EN fs ‘atl ay 
The SN55ALS195 and SN75ALS195 are Nc 6 1EL]NC 
monolithic quadruple line receivers with 3-state 2¥ 117 15(]3,4EN 
outputs designed using Advanced Low-Power 2A [)8 14} 3Y 


Schottky technology. This technology provides 
combined improvements in die design, tooling 
production, and wafer fabrication, which in turn, 
provide lower power consumption and permit 
much higher data throughput than other designs. NC—No internal connection 
The devices meet the specifications of EIA 

Standards RS-422-A and RS-423-A. The 3-state 

Outputs permit direct connection to a bus- 

organized system with a fail-safe design that 

ensures the outputs will always be high if the 

inputs are open. 


13 


o 
as oe 0 mf 
aa) Oma az 
N zo Mm 


The devices are optimized for balanced multipoint bus transmission at rates up to 20M b/s. The input 
features high input impedance, input hysteresis for increased noise immunity, and an input sensitivity of 
+200 mV over a common-mode input voltage range of +7 V. The devices also feature an active-high 
enable function for each of two receiver pairs. The SN55ALS195 and SN75ALS195 are designed for 
optimum performance when used with the SN55ALS194 and SN75ALS194 quadruple differential line 
drivers. 


The SN55ALS195 is characterized for operation from —55°C to 125°C. The SN75ALS195 is characterized 
for operation from O°C to 70°C. 


PRODUCTION DATA documents contain information ; Copyright © 1989, Texas Instruments Incorporated 
current as of publication date. Products conform to | 

me pl per i? ie of Texas shag gr TEXAS 

standard warranty. Production processing does not 
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QUADRUPLE DIFFERENTIAL LINE RECEIVERS 
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logic symbolt logic diagram 
1,2EN 


1A 
1B 
2A 


2B 


3,4EN 


3A 
3B 
OA 
4B 


TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 


Pin numbers shown are for D, J, and N packages. 


DIFFERENTIAL INPUTS 
A-—B 


Vip 2 0.2 V 


—O0.2V < Vip < 0.2 V 


H = high level, L = low level, X = irrelevant, 
? = indeterminate, and Z = high impedance (off) 
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schematics of inputs and outputs 


EQUIVALENT OF EACH A OR B INPUT EQUIVALENT OF G OR G INPUTS TYPICAL OF ALL OUTPUTS 


Vcc VCC a Vcc 


OUTPUT 


Vcc (A) 
or 
GND (B) 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T 


supply Voltage, VCC (see NOG 1) scene cewek ee eee Rea EER RHR HERE ROS iv 
Input Voltages, A or BS INDUWIS, Vi oii cewek eh OPE TEKH EHH ROEDER RRR REE +15 V 
Differential input voltage (see Note 2) ..... 20... 0.0 0. ee #15 V 
Se Be | ee ee a ee ee 7V 
LOW-IEVEl GUTDUT CUITOMT concn ccc eek week be ek ee eRe Oe OE One eb ed eee ee ee wees 50 mA 
Continuous total dissipation ....... scence w seu aw ne ewe wr eaneagas See Dissipation Rating Table 
Operating free-air temperature range: SN55ALS195....................... =6§5 °C to Tzo°C 

SN75ALS195 ...ccseeew ee su eenncaeenes O°C to 70°C 
Storage temperature range ........ 0... ee eee —65°C to 150°C 
Case temperature for 60 seconds: FK package ........... 0.0. eee ee eee 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ......... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 


TStresses beyond those listed under ‘‘absolute maximum ratings’’ may cause permanent damage to the device. These are stress ratings 
only and functional operation of the device at these or any other conditions beyond those indicated under ‘‘recommended operating conditons”’ 
is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. All voltage values, except differential input voltage, are with respect to network ground terminal. 

2. Differential-input voltage is measured at the noninverting input with respect to the corresponding inverting input. 


DISSIPATION RATING TABLE 


Ta < 25°C DERATING FACTOR Ta = 70°C Ta = 125°C 
POWER RATING ABOVE Ty = 25°C POWER RATING POWER RATING 
D 950 mW 7.6 mW/°C 
FK 1375 mW 11.0 mW/°C 


PACKAGE 


J (SN55ALS195) 1375 mW 11.0 mW/°C 
J (SN75ALS195) 1025 mW 8.2 mW/°C 
N 1150 mW 9.2 mW/°C 
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QUADRUPLE DIFFERENTIAL LINE RECEIVERS 
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recommended operating conditions 

gg UNIT 

[Supply voltage, Voc ——SCSC~“‘“‘CSCSSC~S~S~SS™S~SA CCL TST CS 

[Common-mode input voltage, Vig_——SSSCSC—C—~—CSC‘C~C~dCS‘“<S~SCS*~‘~SCzYTLSC‘(S iC’ 

ng 
| 

eT 


V 

V 

Ce v 
Low-level input —— VIL 


electrical characteristics over recommended ranges of common-mode input voltage, supply voltage, 
and operating free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONSt MIN TYP MAX UNIT 
VT+  Positive-going threshold voltage F200 | 
VtT— Negative-going threshold voltage ~ 2008 


" S Hysteresis 4 
Enable-input clamp voltage Vcc = MIN, | = -—18 mA 


Vcc MIN, Vip = 200 mV, 
VOH_ High-level output voltage 2.9 
IOH = —400 LA, See Figure 1 


Vec = MIN 
VoL Low-level output voltage Vip = —200 mV, 


See Figure 1 


loz High-impedance state output current 


Vio = 
= MIN, V = 


CC 
cc = MAX, Vv} = -15V =O = 1,7 
IH_ = 
WViH = 5.25V 


Other input at O V, V 
Line input current 
See Note 3 V 
estan ee teeta tener Ses es ii Vin =27V 0 
n 
alee aia pal ViH = §:25V 


Low-level enable-input current Vcc = MAX, Vit = 0.4 V ag 
a eT EA A 


— Vcc = MAX, Vip = 3 V, 
los _— Short-circuit output current “156 «78 «130 


Vo = O, See Note 4 


Supply current Vcc = Outputs disabled 


TFor conditions shown as MIN or MAX, use the appropriate values specified under recommended operating conditions. 
All typical values are at Vcc = 5 V, Ta = 25°C. 
8The algebraic convention, in which the less positive limit is designated minimum. is used in this data sheet for threshold voltage levels only. 
{Hysteresis is the difference between the positive-going input threshold voltage, VT +, and the negative-going input threshold voltage, VT — 
NOTES: 3. Refer to EIA Standard RS-422-A and RS-423-A for exact conditions. 

4. Not more than one output should be shorted at a time and the duration of the short circuit should not exceed one second. 
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switching characteristics, Vcc = 5 V, Ta = 25°C 


PARAMETER TEST CONDITIONS 
tpLH Propagation delay time, low- to high-level output} Vip = OV to 3 V, 15 (pF, 
tPpHL Propagation delay time, high- to low-level output} See Figure 2 
t Output enable time to high level 

wedn E : 2 CL = 15 pF, See Figure 3 

tpz_ Output enable time to low level 
t Output disable time from high level 
PHZ p g Cy = 15 pF, See Figure 3 
tpLz Output disable time from low level 


TYP MAX UNIT 


io 


PARAMETER MEASUREMENT INFORMATION 


IOH 
(=) 


¥OL 


. | 


FIGURE 1. VOH. VOL 


GENERATOR 
(see Note A) 


Ci = 15 pF 
(see Note B) 


1.5 V 


TEST CIRCUIT VOLTAGE WAVEFORMS 
NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle = 50%, Zout = 


50 2,1, = 6 ns, te = 6 ns. 
B. Cy, includes probe and jig capacitance. 


FIGURE 2. PROPAGATION DELAY TIMES 
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QUADRUPLE DIFFERENTIAL LINE RECEIVERS 
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PARAMETER MEASUREMENT INFORMATION 


OUTPUT 
S 
2 k?? 


W2 
O O—5 V 
{see Note C) 


O 
tL Cy = 15 pF SW3 
GENERATOR “T~ (see Note B) 
(see Note A) 510 = = 
= TEST CIRCUIT 
tPZL 
tPZH 3V 
3 V 
SW1 to 2.5 V INPUT — ——15V 
INPUT — —15V 
SW2 open SW1 to -2.5 V 
SW3 closed —|—0 ¥ 
Sees close SW2 closed 
‘PZH—>|_ }e— tpz.——»| }e— = SW3 open 
| 
OUTPUT ON feos OUTPUT f *- 15V 
——* VOL 
tPHZ ‘PLZ 
V 
3V 3 3 V 
SW1 to 2.5 V 15V SW1 to -2.5 V 
INPUT 
| SW3 closed | =o y SW3 closed 
tPpHZ —>| — ‘PLZ —pI 
| | es es a Ah 
O5V | VOH OUTPUT 
OUTPUT r 0.5 V 
V 
—— —1.4V Ol 


VOLTAGE WAVEFORMS 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle < 50%, Zoyt = 


50 0,try < Ens, tr < 6ns. 
B. Cy includes probe and jig capacitance. 
C. All diodes are 1N3064 or equivalent. 


‘FIGURE 3. ENABLE AND DISABLE TIMES 
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TYPICAL CHARACTERISTICSt 


OUTPUT VOLTAGE OUTPUT VOLTAGE 
vs vs 
ENABLE VOLTAGE ENABLE VOLTAGE 
vip = 
VIC 
RL = 8 kQ to GND 
‘a > 
| 
$ $ 
a z 
3 3 
| | 
eo) 
$ S 
0 0.5 1 1.5 2 2.5 3 
Enable Voltage—V Enable Voltage —V 
FIGURE 4 FIGURE 5 
OUTPUT VOLTAGE OUTPUT VOLTAGE 
vs vs 
ENABLE VOLTAGE ENABLE VOLTAGE 
6 
Vip = —200 mV 
V 0 
5 IC 


RL = 1kQto Vcc 
Ta = 25°C 


L 


XA 


Vo— Output Voltage—V 
N w 


Vo — Output Voltage—V 


Vip = — 200 mV 
Vic = 0 
RL = 1kQto Vcc 


—_ 


‘ 


Enable Voltage—V Enable Voltage—V 
FIGURE 6 FIGURE 7 


TData for temperatures below 0°C and above 70°C, and below 4.75 V and above 5.25 V, are applicable to SN55ALS195 circuits only. 
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SN55ALS195, SN75ALS195 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 
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TYPICAL CHARACTERISTICSt 


OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
vs vs 
DIFFERENTIAL INPUT VOLTAGE FREE-AIR TEMPERATURE 


‘Vcc = 5V 
Vic = -12Vto12V 
lo = O 


Vo— Output Voltage—V 
VOH—High-Levei Output Voltage—V 


-— 200 - 100 0 100 200 -75 -50 -25 0 25 50 75 100 125 
Vip — Differential Input Voltage —mV Ta—Free-Air Temperature — °C 
FIGURE 8 FIGURE 9 
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
VS VS 
HIGH-LEVEL OUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT 


3.5 


TON ta ase 
Ta = 706 Ra 

Ta = 125°C INN 
CELT AAA 
ot tt | tT ANS 
6) -20 -40 -60 -80 -100 
1OH— High-Level Output Current—mA 
FIGURE 10 FIGURE 11 


VOH—High-Level Output Voltage —V 
VOH—High-Level Output Voltage—V 
N 
o1 


Pt tT TANNA 
ptt TE TNNA 
| ti | | ENNAI 


0 -20 — 40 - 60 — 80 - 100 
lIoH— High-Level Output Current—mA 


T Data for temperatures below O°C and above 70°C, and below 4.75 V and above 5.25 V, are applicable to SN55ALS195 circuits only. 
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TYPICAL CHARACTERISTICST 


LOW-LEVEL OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


Vo_—Low-Level Output Voltage —V 


0 : 
-75 -50 -25 0 25 50 75 100125 


Ta —Free-Air Temperature — °C 


FIGURE 12 
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
LOW-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 


0.8 


Vec = 5V 
0.7. Vip = —200 mA 


Vo_—Low-Level Output Voltage—V 
VoL—Low-Level Output Voltage —V 
>) 

b 


0.3 
0.2 

Vip = —200 mV 

Vic = 0 0.1 

Ta = 25°C 

0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 
loL—Low-Level Output Current—mA lo_—Low-Level Output Current—mA 
FIGURE 13 FIGU"E 14 


TData for temperatures below 0°C and above 70°C, and below 4.75 V and above 5.25 V, are applicable to SN55ALS195 circuits only. 
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QUADRUPLE DIFFERENTIAL LINE RECEIVERS 
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TYPICAL CHARACTERISTICSTt 


SUPPLY CURRENT SUPPLY CURRENT 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


Vip = —200 mV 


= 4 
= 4 
E i 
‘ : 
g 5 
= a 
d ~ 
9 8 
Vip = —200 mV 
Outputs Enabled 
lo = 0 
0 
-75 -50 -25 0 25 50 75 100 125 
Vcc—Supply Voltage—V Ta —Free-Air Temperature — °C 
FIGURE 15 FIGURE 16 
SUPPLY CURRENT SUPPLY CURRENT 
vs VS 
DIFFERENTIAL INPUT VOLTAGE FREQUENCY 
Vcc = 5V 
V; = +1.5 V Square Wave 
Ci = 15 pF 
t ¢ Four Channels Driven + 
ies aettreenT  | 
~ i 
5 z : pall 
ee 
- oO  TTTTIh 
2 > 
a a 
Se 
: BIE TIMI EU ETI 
| 
O 
1) lo = O 8 
ra CANT LLT 
Vic = O 
0 0 
— 200 - 100 0 100 200 10 k 100 k 1M 10M 100 M 
Vip — Differential Input Voltage —mV f — Frequency — Hz 
FIGURE 17 FIGURE 18 


TData for temperatures below 0°C and above 70°C, and below 4.75 V and above 5.25 V, are applicable to SN55ALS195 circuits only. 
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SN55ALS195, SN75ALS195 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 
WITH 3-STATE OUTPUTS 


TYPICAL CHARACTERISTICST 


INPUT RESISTANCE INPUT CURRENT 
vs vs 
FREE-AIR TEMPERATURE INPUT VOLTAGE 


rj— Input Resistance — kQ? 
l;— Input Current—mA 


0 -3 
—-75 -50-25 0 25 50 75 100 125 «<2 —(5 =-160 =-& oO 5 10 15 20 
Ta —Free-Air Temperature — °C V;—Input Voltage to GND—V 
FIGURE 19 FIGURE 20 
SWITCHING CHARACTERISTICS PROPAGATION DELAY TIME 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 


SS Rl 


Switching Times—ns 
tpd—Propagation Delay Time—ns 


CLEET TET TT 
0 
-75-50-25 0 25 50 75 100 125 4546474849 5.05.1 5.2 5.35.4 5.5 
Ta —Free-Air Temperature — °C Vcc—Supply Voltage—V 
FIGURE 21 FIGURE 22 


T Data for temperatures below 0°C and above 70°C, and below 4.75 V and above 5.25 V, are applicable to SN55ALS195 circuits only. 
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14-448 


SN55173 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 


D3167, DECEMBER 1988 


Meets EIA Standards RS-422-A, RS-423-A, J PACKAGE 
and RS-485 (TOP VIEW) 


@ Meets CCITT Recommendations V.10, 
V.11, X.26, and X.27 


@ Designed for Multipoint Bus Transmission on 
Long Bus Lines in Noisy Environments 


3-State Outputs 


@® Common-Mode Input Voltage 
Range... —12 to 12 V 
@ Input Sensitivity ... +200 mV FK PACKAGE 
; (TOP VIEW) 
® Input Hysteresis ...50 mV Typ 8 
@® High Input Impedance... 12 kQ Min == S S = 
@® Operates from Single 5-Volt Supply 3 2 1 2019 
, 1Y¥U 4 18{] 4A 
® 
Low Power Requirements cts 7H ay 
@ Plug-in Replacement for AM26LS32 NC U6 16L} NC 
2Yp7 1sG 
description 2A) 8 14(] 3Y 


aoe 9 101112 13 
The SN55173 is a monolithic quadruple ow W oa Base Es Boe 
differential line receiver with three-state outputs. Neeag 
It is designed to meet the requirements of EIA ~~) 


Standards RS-422-A, RS-423-A, and RS-485 
and several CCITT recommendations. The 
device is optimized for balanced multipoint bus 
transmission at rates up to 10 megabits per 
second. The four receivers have an ORed pair of 
enables in common. Either G being high or G 
being low enables all of the receivers. The device 
features high input impedance, input hysteresis 
for increased noise immunity, and input 
sensitivity of +200 mV over a common-mode 
input voltage range of —12 to 12 V. The 
SN55173 is designed for optimum performance 
when used with the SN55172 or SN55174 
quadruple differential line drivers. 


NC—No internal connection 


logic symbol 


The SN55173 is characterized for operation from 
—55°C to 125°C. 


PRODUCTION DATA documents contain information 4 Copyright © 1988, Texas Instruments Incorporated 
current as of publication date. Products conform to i] 

specifications per the terms of Texas Instruments TEXAS 

standard warranty. Production processing does not 

necessarily include testing of all parameters. INST RUMENTS 
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SN55173 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 


logic diagram (positive logic) FUNCTION TABLE (EACH RECEIVER) 
(4) DIFFERENTIAL ENABLES | OUTPUT 
° A-B [se ei] y 


— (12 
rp 


H 
weeny | 
H 
eer 
H 
xX 


xX H 
i H 
? 
1A X 
1Y L ? 
xX L 
18 Vip < -0.2V 
L L 
2A : 
ae H = high level 
2B L = low level 
X = irrelevant 
3A ? = indeterminate 
3yY Z = high-impedance (off) 
3B 
4A 
4Y 


4B 


EQUIVALENT OF A OR B INPUT EQUIVALENT OF G OR G INPUT TYPICAL OF ALL OUTPUTS 


OUTPUT 
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SN55173 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 


Ek SA EY TEA SE RLS Fas SETI PRE ELEM AIT LR BER SEEN TB NE BNE TELS IIMS GREE SEE 75 BS RTE PUTS SIE PT BS EPS ELC TEEPE UNNI FGI LSP LED I A OY SSO RE OE RISE IIE MT Sa ra eB: 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, VOC (S00 NOt 1). ccc icc ew se ee kee ded ed eee de eee 6 eT KR Kaw Owe 7V 
Input woltege, A. Or B WiUES 4 ice eee One ee DK we oe RE ee ee 25 V 
Differential input voltage (see Note 2) ........... eee $25 V 
Pie OUT VONEUG o6405 eee hme ore OOO OS OES OHO OME ERAS KOERNER ew 7V 
LOweeve) GUINUE GUTTENE «.acciccee seen eb enved ROwh een FER SRE we EES EOE EPR OES 50 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3)....... 1375 mW 
Operating free-air temperature range ......... 0... ee ee es —- 55°C to 125°C 
Storage temperature range ..... 20... . ee ee eee 65°C to 150°C 
Case temperature for 60 seconds: FK package ........... 0... eee ee eee 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds..................008.5 S00 "°C 


NOTES: 1. All voltage values, except differential input voltage, are with respect to network ground terminal. 
2. Differential-input voltage is measured at the noninverting input with respect to the corresponding inverting input. 
3. For operation above 25°C free-air temperature, derate to 275 mW at 125°C at the rate of 11.0 mW/°C. 


recommended operating conditions 


Supply voltage, Vcc 4.5 


High-level output current, |OH 
Low-level output current, IoL 
Operating free-air temperature, Ta ~55 125 
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SN55173 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 


electrical characteristics over recommended ranges of common-mode input voltage, supply voltage, 
and operating free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 
VTH _ Differential-input high-threshold voltage Vo = 2.7 V, lo = -0.4 mA 
VTL -i - 


Vnys _Hysteresis§ re 


* 
T Differential-input low-threshold voltage Vo = 0.5 V, lo = 16 mA 
Enable-input clamp voltage i = -—18 mA 


ViK rt a 
VOH High-level output voltage Vip = 200 mv, lon = -400nA] 25 | vi | 
lon = 8mA | 
VoL Low-level output voltage Vip = —200 mV, 
in = 16mA_ | SSCSC~t 
loz -i 
— Other input at OV, [W=izv | Ss 
| Line input current | mA 
See Note 4 Ve-7v |S 
| High-level enable-input current Vip = 2.7 V 
| Low-level enable-input current Vit = 0.4 V 
los - 
C 


| 
H 
IL P= 1000 
Os _ Short-circuit output current ts = 88 | mA 
Ic Supply current Outputs disabled 


TAIl typical values are at Vcc = 5 V, Ta = 25°C. 

+The algebraic convention, in which the less positive (more negative) limit is designated minimum, is used in this data sheet for threshold 
voltage levels only. 

8Hysteresis is the difference between the positive-going input threshold voltage, VtT+, and the negative-going input threshold voltage, 
VT —. See Figure 4. . 

{Not more than one output should be shorted at a time and the duration of the short-circuit should not exceed one second. 

NOTE 4: Refer to EIA Standard RS-422-A and RS-423-A for exact conditions. 


O High-impedance-state output current Vo = 0.4Vto2.4V 


switching characteristics, Vcc = 5 V, Ta = 25°C 


TEXAS 4B 
INSTRUMENTS 


14-452 POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


$SN55173 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 


PARAMETER MEASUREMENT INFORMATION 


GENERATOR 
(See Note A) 


OUTPUT 


I 
| 
— +} le —p| je tPHL 
Vy 


CL = 15 pF 
(See Note B) OUTPUT 
VOL 
2V athe 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 1. tpLH. tPHL 
OUTPUT 
25V s1 $2 ko 
' —— — 3V 
| | INPUT 1.3V 1.3V 
CL | 
i | (See Note »| ee 
tPZH tpHZ Pl ke 
| i B) (see Note C) >i | 05V 
L 4” | tah 
OUTPUT Nas baie 
1. ° 
GENERATOR lal sks -* _ ay 
———=0V es 
(See Note A) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 2. tpHzZ. tPZH 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle = 50%, 
tr <= 6ns, te < 6ns, Zoyt = 50 02. 
B. C, includes probe and jig capacitance. 
C. All diodes are 1N916 or equivalent. 
D. To test the active-low enable G, ground G and apply an inverted input waveform to G. 
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$N55173 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 


PARAMETER MEASUREMENT INFORMATION 


sais “email sean Vcc 
1 
«9,5 ¥ u ' 
I i INPUT 
1 | | 
| j tPZL 
| j $2 = we - - ‘PLZ 
' | S2 closed 
L OUTPUT 1.3V | =1.4V 
mma 
GENERATOR . a 
(See Note A) 0.5 Vv 
S2 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 3. tpZL. tPLz 


NOTES: A. ge input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle = 50%, 
< 6ns, t¢ < 6 ns, Zoyt = 50 2. 
B. if ‘Tecludes probe and jig capacitance. 
C. All diodes are 1N916 or equivalent. 
D. To test the active-low enable G, ground G and apply an inverted input waveform to G. 


TYPICAL CHARACTERISTICS 


OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
vs Vs 
DIFFERENTIAL INPUT VOLTAGE HIGH-LEVEL OUTPUT CURRENT 


Vo— Output Voltage—V 
VOH—High-Level Output Voltage—V 


BUNGEE 
ol pitt | ENAN TO 


-125 -75 -25 0 25 50 75 100 125 —10 —20 —30 —40 —50 
Vip — Differential Input Voltage —mV lIoH—High-Level Output Current—mA 
FIGURE 4 FIGURE 5 


TEXAS 4 
INSTRUMENTS 


14-454 POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


$N55173 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 


VoL_L—Low-Level Output Voltage—V 


Vo— Output Voltage—V 


TYPICAL CHARACTERISTICS 


LOW-LEVEL OUTPUT VOLTAGE 
vs 
LOW-LEVEL OUTPUT CURRENT 


lo_—Low-Level Output Current—mA 
FIGURE 6 


OUTPUT VOLTAGE 
vs 
ENABLE G VOLTAGE 


V;—Enable G Voltage—V 


FIGURE 8 


OUTPUT VOLTAGE 
vs 
ENABLE G VOLTAGE 


Vo — Output Voltage—V 


0 
0 0.5 1 1.5 2 2.5 3 
V;—Enable G Voltage—V 


FIGURE 7 
INPUT CURRENT 


vs 
INPUT VOLTAGE 


ANS ANN SEL 
KNNNS eee 
NST Lat | 


lj—Input Current—mA 


BEDZARANNN 
ZAKONNNNN 


THE NINN 
AREA CONFORMS TO 
FIGURE 3.2 OF 
EIA RS-485 


af. =f <4 <2 0 2 4 6 8 10 12 
V;—Input Voltage—V 
FIGURE 9 
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SN55363 
DUAL POSITIVE-AND TTL-TO-MOS DRIVER 


D3169, FEBRUARY 1989 


@ Versatile Interface Circuit for Use between J PACKAGE 
TTL and High-Current, High-Voltage (TOP VIEW) 
Systems 


Capable of Driving High-Capacitance Loads 


Operates from Standard Bipolar and MOS 
Supply Voltages 


High-Speed Switching 


Separate Driver Address Inputs with 
Common Strobe NC—No internal connection 


@® Vcc2 Supply Voltage Variable Over Wide logic symbolt 
Range 


Vcc3 Supply Voltage Pin Available 


Vcc3 Pin can be Connected to VCC2 Pin in 
Some Applications 


@ Damping Resistor Eliminates Undesired 


Output Transient Overshoot TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 


. ‘ ; IEC Publication 617-12. 
® Transient Overdrive Improves Fall Time 


deworitdion logic diagram (positive logic) 
The SN55363 is a monolithic dual TTL-to-MOS 
driver and interface circuit. The device accepts 
standard TTL and DTL input signals and provides 
high-current high-voltage output levels suitable 
for driving MOS circuits. 


The SN55363 operates from the TTL 5-volt supply and the MOS Vss and Vpp supplies. This device has 
been optimized for operation with VCC2 supply voltage from 11 V to 15 V, and with nominal VCC3 supply 
voltage from 3 V to 4 V higher than VCC2. In some applications, the VCC3 power supply can be eliminated 
by connecting the VCCG3 pin to the VCC2 pin. 


A small series damping resistor has been included to eliminate undesired output transient overshoot due 
to load or wiring inductance. 


The SN55363 is characterized for operation over the full military temperature range of —55°C 
to 125°C. 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF BOTH OUTPUTS 
Voc3 


Vcc1 Vcc2 


10 Q 
NO 


M 
OUTPUT 


4 kQ nominal for A inputs 
2 kQ nominal for E input 


PRODUCTION DATA documents contain information ; Copyright © 1989, Texas Instruments Incorporated 
current as of publication date. Products conform to | 

specifications per the terms of Texas Instruments TEXAS 

standard warranty. Production processing does not 

necessarily include testing of all parameters. INST RUM ENTS 
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SN55363 
DUAL POSITIVE-AND TTL-TO-MOS DRIVER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage range of Vcc (see Note 1) .......... ee =-0.5 V to 7 V 
SUppIY VOILEHS (ANOS OF VECO .c ice iwc wee ceed eRe RE REE REWER EER EES —-0.5 V to 16 V 
SUPpIY Woltage TENde OF VOCS cc cc ce ee bates HER TERE HDR R eRe eR HEE ED -O0.5Vto 19 V 
SG cw th bh Eh Eee ahh EGE DS 6 bee eee es oS hE De eee ES 5.0 ¥ 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2)....... 1375 mW 
Operating free-air temperature range .......... 0... ee ee =B5"C ta 125°C 
Storage TOMPSraulle TANGG csc nws de vee ee ee Red ee Ree ee ee =65°G te 150°C 
Lead temperature 1/16 inch from case for 60 seconds: J package ..................4.. 300°C 


NOTES: 1. Voltage values are with respect to network ground terminal unless otherwise noted. 
2. For operation above 25°C free-air temperature, derate to 275 mW at 125°C at the rate of 11.0 mW/°C. 


recommended operating conditions 
Supply voltage, Vcc 4 4.75 5 5.25 
Supply voltage, Vcc2 4.75 12 15 
Supply voltage, Vcc3 Veco 15 18 
Voltage difference between supply voltages: Vcc3—Vcc2 ) 
High-level input voltage, Vjy 
55 


Low-level input voltage, Vj, 


Operating free-air temperature, Ta 


electrical characteristics over recommended ranges of VCC1, VCC2. VCC3, and operating free-air 
temperature (unless otherwise noted) 


MIN, _TyPt MAX 
Vcec2+3 V = Vcc3, VIH = 2 V, IQH=-—10 mA |Vcc2-1.2 Vcec2-1.0 

Vec2+3 V = Vec3-VIH = 2V, !oH=—100 tie 89 vaso |v 

Vec2 = Vec3. iH = 2V,__IoH= - 50 nA 


Vcec2 = 10.8 V, Vcc3 = 10.8 V, 


VOH High-level output voltage 


VOL Low-level output voltage 


ViL = 0.8 V, lo. = 10 mA 


Input current at 
I ; : V; = 5.5 V mA 
maximum input voltage 
A inputs 40 
NH High-level input current Vi = 2.4V 
E input 


A inputs ma. —1.6 
NL Low-level input current Vv; = 0.4 V 


E input - 3:2 
1 


2 = 
' Supply current from Vcc}, Voc = 5.25 V; Vec2 = 12 V, Vec3 = 12 V, 7 1 
CCi(L) both outputs low All inputs at O V, No load 

8 1.2} mA 


: 
both outputs low Vcc! » Vec2 = 12 V, Vec3 = ‘ 
both outputs low 
All inputs at 5 V, No load 
S 


Vcoci1 = 5V. Vcec2 = 15 V, Vcc3 = 18 V, 
Supply current from Vcc3, 
CC3(H) both outputs high 


All inputs at 5 V, No load 
T All typical values are at Vec1 = 5V, Vec2 = 12 V, Vec3 = 15 V, and Ta = 25°C except for Voy for which Vcc2 and Vcc3 are 
as stated under test conditions. 
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SN55363 
DUAL POSITIVE-AND TTL-TO-MOS DRIVER 


switching characteristics, VCcCc1 = 5 V, Vcc2 = 12 V, Vcc3 = 15 V, Ta = 25°C 


PARAMETER TEST CONDTIONS MIN TYP MAX | UNIT 
tpLH Delay time, low-to-high-level output Fs 12 17 | re | 


tpHL Delay time, high-to-low-level output | ons | 
101622 | ns_| 
1016 22] ns_| 


tTLH ‘Transition time, low-to-high-level output Ci = 300 pF, 


See Figure 1 


tTHL ‘Transition time, high-to-low-level output 


tpLH Propagation delay time, low-to-high-level output 
tPHL 


Propagation delay time, high-to-low-level output 


5V 12V 15V 


| _|__ 


INPUT PVveci Vec2 Vcc 


PULSE 
GENERATOR 
(See Note A) 


3 


OUTPUT 


CL 


INPUT 


VOH 


OUTPUT 


VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: PRR = 1 MHz, Zoyt = 50 0. 
B. C, includes probe and jig capacitance. 


FIGURE 1. SWITCHING TIMES, EACH DRIVER 
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SN55363 
DUAL POSITIVE-AND TTL-TO-MOS DRIVER 


TYPICAL CHARACTERISTICS 
TOTAL DISSIPATION 


(BOTH DRIVERS) SWITCHING TIME 
vs vs 
FREQUENCY LOAD CAPACITANCE 

Vooi =a V 

Vcc? = 12 V 

eten te 

Input: 3 V square wave _ 
= (50% duty cycle) ob & 
E . 5 
pa 
; : a 
& Nou. = 
_ e e 
A § ail | 
| — 
b é Le 

0.1 04 07 1 4 7 10 0 100 200 300 400 500 600 700 800 900 1000 
nn C,_--Load Capacitance—pF 
FIGURE 2 FIGURE 3 
TEXAS Kip 
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Each Device Drives 34 Electrodes 


Selectable Open-Source or Open-Drain 
Output 


Outputs Rated at 225 V 


Output Current Capability: 
-—90 mA to 150 mA 


@ CMOS-Compatible Inputs 


Very Low Steady-State Power Consumption 


description 


The SN55563A and SN55564A are monolithic 
BIDFET Tt integrated circuits designed to drive the 
row electrodes of an electroluminescent display. 
All inputs are CMOS compatible. If the Positive 
Write input is high, the Q outputs act like open- 
source outputs and output data is not inverted 
with respect to input data. If the Positive Write 
input.is low, the Q outputs act like open-drain 
outputs and output data is inverted with respect 
to input data. The SN55564A output sequence 
has been reversed from the SN55563A for ease 
in printed circuit board layout. 


Typically, composite Vcc2, VCCc3, and Vss 
signals are externally generated by a high- 
voltage switching circuit. Serial data is entered 
into the shift register on the high-to-low 
transition of the clock input. A high Enable input 
allows those outputs with a high in their 
associated register to be turned on, causing the 
corresponding row to be connected to Vcc? 
when Positive Write is high or to VSS when 
Positive Write is low. VCC3 may be tied to VCC 2 
or held 5 to 15 V above VCc2 for better VOH 
characteristics. The Serial Output from the shift 
register may be used to cascade additional 
devices. This output is not affected by the 
Enable or Positive Write inputs. 


The SN55563A and SN55564A _ are 
characterized for operation over the full military 
operating temperature range of -—55°C to 
126°C. 


SN55563A, SN55564A 
ELECTROLUMINESCENT ROW DRIVERS 


D3313, OCTOBER 1989 


SN55563A .. . FJ PACKAGE 
(TOP VIEW) 


Q2Qouqodc¢cocqcodnd 
Sarasa 
6 5 43 2 1 


Q12{}7 39{} VCC3 

Q13[j8 38] Vcc2 

Q14 |] 9 DATA IN 
Q15{J]10 36{} POSITIVE WRITE 
Q16{)11 35) Vcc1 

Q17{J12 34[} N/C 

Q18[J13 33{} Vss 

Q19{)14 32 (| CLOCK 


31 (] ENABLE 
30{] SERIAL OUT 
29 034 

18 19 20 2122 2324 2526 27 28 


ome 5 am 0 eee 3 oe 2 ome 2 cee 0 ee Dee 0 ee 2 ee ee 
NMtMNORWARDO-NM 
NANNNANNANYNYMNYNOM 
CQOocococooccaddaq 


SN55564A . . . FJ PACKAGE 
(TOP VIEW) 


Q23 338([] VCC3 

Q22 38] Vcc2 

Q21 37[] DATA IN 

Q20 36[} POSITIVE WRITE 
Q19 35(} Vcc 1 

Q18 34[} N/C 

Q17 33|] Vss 

Q16 32/1 CLOCK 

Q15 31{|} ENABLE 

Q14 30(] SERIAL OUT 


Q13 29{}| Q1 
18 19 20 2122 2324 2526 27 


5 8 ae 
N 
oo 


NC—No internal connection 


TBIDFET-Bipolar, double-diffused, N-channel and P-channel MOS transistors on the same chip — Patented Process 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN55563A, SN55564A 
ELECTROLUMINESCENT ROW DRIVERS 


LOAD FUNCTION TABLE 
CONTROL INPUTS OUTPUTS 
SHIFT REGISTER 
FUNCTION POSITIVE 
CLOCK ENABLE R1 THRU R34 SERIAL Q1 THRU 034 

WRITE 
LOAD 1 Xx X Load and Shift! R34 Determined by Enable and Positive Write 
No! X X No Change R34 Determined by Enable and Positive Write 


tT Register R34 takes on the state of R33, R33 takes on the state of R32, . . . R2 takes on the state of R1, R1 takes on the state of the data input. 


OUTPUT CONTROL FUNCTION TABLE 


CONTROL INPUTS OUTPUTS 
FUNCTION 
POSITIVE 
CLOCK ENABLE SERIAL Q1 THRU 034 
WRITE 


SHIFT REGISTER 
CONTENTS Rn FOR 
R1 THRU R34 
(Determined Above) 


X L X X High-lmpedance 
OUTPUT X H H H H 
CONTROL X H L H L 

Xx xX Xx ly High-Impedance 


H = high, L = low, X = irrelevant, | = high-to-low transition 


logic symbols? 


SN55563A SN55564A 


CMOS/EL DISP CMOS/EL DISP 
[D> DRAIN SUPPLY | 


Q1 


Vec2 Vcc2 [D> DRAIN SUPPLY | 
Vss [ < SOURCE suPPLY| Vss [ << SOURCE SUPPLY] 
ENABLE EN3[OUTPUT ENABLE] ENABLE EN3[OUTPUT ENABLE] 
POSITIVE EN2[OUTPUT SELECT] POSITIVE EN2[OUTPUT SELECT] 
WRITE SRG34 WRITE SRG34 
CLOCK > Ci~ CLOCK > C1/—- 
DATA 2.30 
DATA IN D IN > 
2,3 


Q1 


Vv 

N|_N 

w wlw w 

b Ajo 4 
Vv 
| N 
w 
LORS. 


| 
Vv 

N|_N 

7) 


Q2 


Vv 
NINN 
ww 
aleoa 
Vv 
N} 
wlio w 
AIbO a 


Vv 
NIN 
w w 
2) 


V 
N} oN 
w Ww 
2) 


Q33 


Vv 
NIN 
Ww w 
ALO a 
V 
NIN 
Ww Ww 
ec. 


Vv 
N|N 
WwW W 
Q 


Nh 
w 
e, 


Q34 Zs 


SERIAL 
OUT 


Q34 
SERIAL 
OUT 


Ww 
Le 


tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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SN55563A, SN55564A 


ELECTROLUMINESCENT ROW DRIVERS 


logic diagram (positive logic) 


Vcc2 


POSITIVE 
WRITE 


ENABLE & 


DATA IN 


CLOCK a 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL Q OUTPUTS 
Vcc3 
Vcc %ec2 
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Q34 


SERIAL OUT 


SERIAL OUTPUT 


of 


____ il 
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SN55563A, SN55564A 
ELECTROLUMINESCENT ROW DRIVERS 


oS SN eae ES TS ND aS kM A PAR BS ok RT HR DM ST EA SA NE ATER SR wl AN RR ACC Bd EE AS BS NE Ld, 


typical operating sequence 


V 
CLOCK | | | m 


——————e Vss 


Vss 


POSITIVE WRITE CYCLE 


POSITIVE 
WRITE 


————— —-- +Hvt 
Vcc2 
and Vcc3 
SYSTEM GND 


SYSTEM GND 


FIRST 
OUTPUT 


SECOND 
OUTPUT 
SYSTEM GND 


NEGATIVE WRITE CYCLE 


POSITIVE 
WRITE 


¥Vec2 
and Vcc3 


SYSTEM GND 
Vss \ \ 


FIRST 
OUTPUT 


Vselect* 


SECOND 
OUTPUT 


THV = high voltage 
+V select is a voltage level between Vcc? of the column driver and Vss. 
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SN55563A, SN55564A 
ELECTROLUMINESCENT ROW DRIVERS 


absolute maximum ratings over operating free-air temperture range (unless otherwise noted) 


supp Volmer, Ver Gee Nee 1) cs cee ek chow PS ARASH HAE HEE Oe HEME SEEM 15 V 
Se WE, VE ko cade eee dee wee eHeb eek bee ee ed oon yee eseeencdasssr nes 230 V 
Sy WONG, VOCS. bw 62 8 5 oe SESE STEN Dee HS Oe oe eee dS SH HE HEH D ES EES 230 V 
SUDGIY VOIAOR, VES is vc obi 4 OSE ERS ENS HEE Se REE OR EKER ES =—~pou V¥ 
IGUT VOIIAGS 2c ce we ce ee Ree ee Re ERE Re RRR EOS -~0.3 V to Vcc i + 0.3 V 
Continuous total power dissipation at (or below) 25°C free-air temperature 

es Pe te vs Kae pede pee eee 6 Oe AS eo ee OO OO eee ee ee eee 1825 mW 
Operating free-air temperature range ..... 20... 2... ee —55°C to 125°C 
Storage TENIPEGIAlNG (ANGE 64 kes PSS bG Eee ee REET ER SERENE OTE HES =65°C to 150°C 
Case temperature for 10 GCCONdS 5..c kk eek EHS Re ORE EEE REO RODE Ewe ROE: 250°C 


NOTES: 1. Voltage values are with respect to Vss. 
2. For operation above 25°C free-air temperature, derate 365 mW at 125°C at the rate of 14.6 mW/°C. 


recommended operating conditions (see Figure 1 and Figure 2) 


2 


ce ce 
[Low-level output curent, Ign SSC ma 
Output clamp curent, gg SSCS Om | 
[Glock frequency, foisck SOSSSCSCSCSC“‘“‘“‘“~‘“*“<CSd 
[Pulse duration, Clock high orlow tale OSCSC—~—“C‘“‘~‘“~<~C~SC~C~iCttBSSSCSCS*~“‘*‘“~*dCis~=*d 
[Setup ne dete gh tow pefre sok tt 100s 


ee Rae ee ce rnin 
Hold tine, deta high or low efter dood, ma 0 
Hold time, Clock high after Vocal or Vggtthg—SSSSCSCSC—~—SCS~Si 0 SC~“*~“C~*~*~*~dCs + 
Pie, be ha fer Vocal er Vsghs yg 


TThe algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for logic 
voltage levels only. 

tThese minimum recommendations are not tested during manufacturing. Performance is dependent on application voltage and temperature 
and must be validated by the user. 


TEXAS 4% 
INSTRUMENTS 


POST OFFICE BOX 655303 © DALLAS, TEXAS 75265 14-465 


SN55563A, SN55564A 
ELECTROLUMINESCENT ROW DRIVERS 


electrical characteristics over recommended operating ranges of VC(¢:1 and free-air temperature range, 
Vcc2 = 225 V, Vcc3 = 225 V, Vss = 0 (unless otherwise noted) 


PARAMETER TEST CONDITIONS 
Vo = 225 V 
Off-state Q output current 


= 


lo = —70 mA, Vcec1 = 12 V 
High-level Q outputs 
VOH lo = —90 mA, Vec1 = 12 V 
output voltage : 
Serial Out lo = —100 pA, Vceci = 12 V 
Low-level Q outputs lo = 150 mA 


V 

OL output voltage lo = 100 pA 

NH High-level input current ViH = Vcc1 
NL Low-level input current = 0 


| A | 4 ’ One QO output high 
u current from 
eo pply CC1 All Q outputs low or high impedance 


One QO cutput high, Vcc, = 12 V 


ICc3 Supply current from Vcc3t All Q outputs low or high impedance, 
Vec1 = 12 V 


Propagation delay time, low-to-high 


t 
PLH level serial output from clock CL = 50 pF to Vss, 


‘ Propagation delay time, high-to-low See Figures 3 and 4 
PHL 


level serial output from clock 


ticc3 is measured with Vcc2 and Vcc3 shorted together. 


PARAMETER MEASUREMENT INFORMATION 


}¢—_———- twCLK ——>} 


CLOCK 


| 
ae 
to—tsu 1 —ee— th 1 J 


DATA IN 


FIGURE 1. INPUT TIMING VOLTAGE WAVEFORMS 
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SN55563A, SN55564A 
ELECTROLUMINESCENT ROW DRIVERS 


PARAMETER MEASUREMENT INFORMATION 


— 7 Vit 
K——— ts u2 —i—— 
| | Vin 
ai—_ eee eee eee 
ENABLE i | | — 50% 50% 
| e= ViL 
| | | | #——tns. ths ——¥1 
rt tsu3—- > — tha 
| | || | 
POSITIVE 90% I , 90% VIH 
WRITE 10% | 10% 
VIL 


Ke—tsu4 —pl ¢4—r- tha 


| 
Vec2? | a ee eee +HV 
and Vcc3 
| 
, oS VSTEM GND 
| || — —— SYSTEM GND 


Vss 
Se ea a an: i i -HV 


TTiming waveforms are with respect to Vcc2 or Vss, as appropriate. 


FIGURE 2. CONTROL INPUT TIMING VOLTAGE WAVEFORMS 


SE Oe a Sele 
CLOCK 50% 
| 
| VIL 
Ke (PLHP ke- tPHL PI 
| | Vv 
aS = Von 
| | 
DATA OUT 50% 


VOL 


FIGURE 3. VOLTAGE WAVEFORMS FOR PROPAGATION DELAY TIMES, CLOCK TO DATA OUT 


OUTPUT 


UNDER 
TEST POINT 
t 


Te, includes probe and jig capacitance. 


FIGURE 4. LOAD CIRCUIT 
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14-468 


Bidirectional Transceiver 


Suitable for Most EIA Standards RS-422-A 
and RS-485 Applications 


Designed for Multipoint Transmission on 
Long Bus Lines in Noisy Environments 


3-State Driver and Receiver Outputs 
Individual Driver and Receiver Enables 


Wide Positive and Negative Input/Output 
Bus Voltage Ranges 


Driver Output Capability ... +60 mA Max 
Thermal Shutdown Protection 

Driver Positive and Negative Current 
Limiting 

+200 mV 

. 50 mV Typ 


Receiver Input Sensitivity . . . 
Receiver Input Hysteresis . . 
Operates from Single 5-V Supply 


Low Power Requirements 


description 


The SN95176B differential bus transceiver is a 
monolithic integrated circuit designed for 
bidirectional data communication on multipoint 
bus transmission lines. These transceivers are 


| SN95176B 
DIFFERENTIAL BUS TRANSCEIVER 


D3272, MARCH 1989 


JG PACKAGE 
(TOP VIEW) 


W PACKAGE 
(TOP VIEW) 


FK PACKAGE 
(TOP VIEW) 


O 
= 
oe 

3 


NC 
RE 170) B 
NC 
DE IST} A 
NC 


suitable for most RS-422-A and RS-485 9 101112 13 
applications to the extent of the specified data 
sheet characteristics and operating conditions. = 2 < a 


The SN95176B combines a 3-state differential 
line driver and a differential input line receiver 
both of which operate from a single 5-V power 
supply. The driver and receiver have active-high 
and active-low enables, respectively, that can be 
externally connected together to function as a 
direction control. The driver differential outputs 
and the receiver differential inputs are connected 
internally to form differential input/output (I/O) 
bus ports that are designed to offer minimum 
loading to the bus whenever the driver is disabled 
or Vcc = O. These ports feature wide positive 
and negative common-mode voltage ranges 
making the device suitable for party-line 
applications. 


NC—No internal connection 


FUNCTION TABLE (DRIVER) 


INPUT ENABLE Soe 


H 
L 
Xx 


FUNCTION TABLE (RECEIVER) 


DIFFERENTIAL INPUTS ENABLE OUTPUT 
A-B RE 


Vip 20.2 V 
-0.2 V<Vip<0.2 V 
Vips -0.2 V 
X 


H = high level, L = low level, ? = indeterminate, 
X = irrelevant, Z = high impedance (off) 


PRODUCTION DATA documents contain information Copyright © 1989, Texas Instruments Incorporated 


current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN95176B 
DIFFERENTIAL BUS TRANSCEIVER 


RAEI ee De TR § 2 EAA TE DAD TL EEL AP | a PR ek 2A MOT) Sag EW AE A Te IRE BA UE EY RC TE SEES TR cep BB CRS AES Mic SATE Aa Ss, LPT ASAE RE RE 1 Oe a 
description (continued) 


The driver is designed to handle loads up to 60 mA of sink or source current. The driver features positive- 
and negative-current limiting and thermal shutdown for protection from line fault conditions. Thermal 
shutdown is designed to occur at a junction temperature of approximately 150°C. The receiver features 
a minimum input impedance of 12 kQ, an input sensitivity of +200 mV, and a typical input hysteresis 
of 50 mV. 


The SN95176B is characterized for operation from —40°C to 110°C. 


logic symbolt logic diagram (positive logic) 


DE (3) 


tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 
Pin numbers shown are for the JG package. 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF A AND B I/O PORTS TYPICAL OF RECEIVER OUTPUT 


Vcc Vcc 
85 


NOM 


16.8 kQ 
NOM 


OUTPUT 


Driver Input: Reg = 3k8 NOM INPUT/OUTPUT 
Enable Inputs: Reg = 8k9S2 NOM PORT 
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SN95176B 
DIFFERENTIAL BUS TRANSCEIVER 


absolute maximum ratings over operating free-air temperature range (uniess otherwise noted) 


supply voltage, VCC (see NOTE 1). ccc cee ce ras Ree eee bse ed ed whee SHEE SRE ER EO OS 7V 
VWOlAGG @t ny DUS TING! : cc cea cee eee ee hed eee TEE Hee we Tek ORO =—I0 Y te 15 ¥ 
Cee Wi VOI cs cca eee ee eee ee ew eed OO THESE SHR TRERS OO EEA ee eS 5.5 V 
Continuous total Gissipation .....n<c08ss saeco denen nee e kee ees See Dissipation Rating Table 
Operating free-air temperature range ............ 20.000 cee ee ee eee —40°C to 110°C 
Storage temperature range ........... cc ee ee —65°C to 150°C 
Case temperature for 60 seconds: FK package ............ 0.0.00 cee ee eee eee 260°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 60 seconds: JG or W package .... 300°C 


NOTE 1: All voltage values, except differential input/output bus voltage, are with respect to network ground terminal. 


DISSIPATION RATING TABLE 


Ta = 25°C DERATING FACTOR Ta = 70°C Ta = 85°C Ta = 110°C 
POWER RATING ABOVE Ta = 25°C POWER RATING POWER RATING POWER RATING 


PACKAGE 


1375 mW 11.0 mW/°C 
1050 mW 8.4 mW/°C 
1000 mW 8.0 mW/°C 


recommended operating conditions 


Supply voltage, Vcc 


Voltage at any bus terminal (separately or common mode), Vj or Vic 


High-level input voltage, Vi D, DE, and RE yj 
Low-level input voltage, Vj, D, DE, and RE Pn aa 


Differential input voltage, Vip (see Note 2) #12 


pDriver CBO mA 
High-level output ent, | 
pili uaeniioesin 


Low-level output current, Io. Seas 
eceiver 


Operating free-air temperature, TA —40 110 


NOTE 2: Differential-input/output bus voltage is measured at the noninverting terminal A with respect to the inverting terminal B. 
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SN95176B 
DIFFERENTIAL BUS TRANSCEIVER 


DRIVER SECTION 


driver electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


V 
[Vo Output voltage ——SSCSC~—~idCSC“‘iQ OSCSC“—*~S~—S—“—“—SsSsSCSsSSCSC“‘*‘S 
Tivopil Differential output voltage =f igo=0SSOSC~—C—SSSCSC 'SC~“‘*‘“ iS 


, ; Rit = 100 Q, See Figure 1 
|\Vop2| Differential output voltage 
RL = 54Q, See Figure 1 
VoD3 Differential output voltage See Note 3 


Change in magnitude of 
A|Vop| 


differential output voltage 8 


Voc Common-mode output voltage 


Change in magnitude of 
4|Voc!| 


common-mode output voltage 8 


Ps 
1.5 2 5 
.2 
v2 
lo Output current mA 
rm 
vA 
Vo = -7V 
Vo= 0 
Vo = Vcc ) 
O 
O 
5 


Vo = 12 V 250 | 
| S ly current (total package No load mA 
sii ee Outputs disabled | —-26~~—~38 | 


tThe power-off measurement in EIA Standard RS-422-A applies to disabled outputs only and is not applied to combined inputs and outputs. 
All typical values are at Vcc = 5 V and Ta = 25°C. 
8A|Vop| and A|Vgc| are the changes in magnitude of Vop and Voc respectively, that occur when the input is changed from a high 
level to a low level. 
NOTES: 3. See EIA Standard RS-485 Figure 3.5, Test Termination Measurement 2. 
4. This applies for both power on and off; refer to EIA Standard RS-485 for exact conditions. The RS-422-A limit does not apply 
for a combined driver and receiver terminal. 


Short-circuit output current 


ND 
O}lny plo 
i + + 
wlalala ND Oo © 

3 


driver switching characteristics, Vcc = 5 V, TA = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX 
t Differential-output delay time 15 22 
 _—_ a Lee R, = 540, See Figure 3 [ne | 
tTD Differential-output transition time 20 30 | ons | 
tpZH Output enable time to high level Rt = 110Q, See Figure 4 85 20 | ons | 
tpz_ Output enable time to low level RL = 1102, See Figure 5 40 60 | ons 


_—s 


tpHz Output disable time from high level Rp = 110Q, See Figure 4 150 250 
tpLz Output disable time from low level RL = 1109, See Figure 5 20 30 
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SN95176B 
DIFFERENTIAL BUS TRANSCEIVER 


SYMBOL EQUIVALENTS 


| DATA SHEET PARAMETER | RS-422-A | RS-485 

ee ee ere 
Measurement 2) 

Voc 


Vos a Vos| 


RECEIVER SECTION 


receiver electrical characteristics over recommended ranges of common-mode input voltage, supply 
voltage, and operating free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 
VTH_ Differential-input high-threshold voltage] Vo = 2.7 V, lo = -0.4mA 
VTL Differential-input low-threshold voltage Vo = 0.5 V, lo = 8mA -0.2# 


a ieee an i: Sa 
Vik _ Enable-input clamp voltage | = —18mA Po dB TOV 


Vip = —200 mV, IOH = —400 pA, 
VOH High-level output voltage ; ae | V 
See Figure 2 
Vip = —200 mV, lol = 8 mA, 
VoL Low-level output voltage ; 
See Figure 2 


; Other input = OV, Vi = 12V 
I} Line input current 
See Note 5 Viz -7V 


| es 
08 
ri, Low-level enable-input current | ‘Wi =0.4V SSO 


S — — oe Outputs enabled 
u current (total package o loa 
ce vee ‘ 2 Outputs disabled 


TAIl typical values are at Vcc = 5 V, Ta = 25°C. 

+The algebraic convention, in which the less-positive (more-negative) limit is designated minimum, is used in this data sheet for common- 
mode input voltage and threshold voltage levels only. 

8 Hysteresis is the difference between the positive-going input threshold voltage, V7 +, and the negative-going input threshold voltage, 
V7 —. See Figure 4. 

NOTE 5: This applies for both power on and power off. Refer to EIA Standard RS-485 for exact conditions. 


receiver switching characteristics, VCC = 5 V, TA = 25°C 


tpLH Propagation delay time, low-to-high-level output Vip = Oto 3 V, 
tpH_ Propagation delay time, high-to-low-level output CL = 15 pF, See Figure 6 23 35 
tpzH Output enable time to high level ; 10 20 | ons | 
; Cy = 15 pF, See Figure 7 
tpz_ Output enable time to low level 1zZ 20 | ons | 
tpHz Output disable time from high level 20 35 | ns | 
: . Cy = 15 pr, See Figure 7 
tp_z Output disable time from low level 17 25 | ons | 
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SN95176B 
DIFFERENTIAL BUS TRANSCEIVER 


PARAMETER MEASUREMENT INFORMATION 


ok 
2 Vip 
VOH 
7 = Voc I oe Pains 
2 
as VOL 


FIGURE 1. DRIVER Vop AND Voc 


aD 


D 
c 


FIGURE 2. RECEIVER Von AND VoL 


——-— 3V 
INPUT 1.5V 1.5V 
C, = 50 pF 
ited eee ! | = 
GENERATOR OUTPUT top ++ | ke-BI— top 


(See Note A) 


——— 22.5 V 
90% | 
OUTPUT 50% | jr 50% 
9 { 
= ; se | =-2.5V 
tTD > i > le— tTpD 


TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 3. DRIVER DIFFERENTIAL-OUTPUT DELAY AND TRANSITION TIMES 


OUTPUT ———-—-— 3V 
INPUT 15V 15 V 
OVor3V | Ov 


0.5 V 
R, = jet tpezH_ si 7 
110 &2 | ——2 vo, 
| — 
OUTP 
neues sav | NO 
os Vott ~ OV 


TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 4. DRIVER ENABLE AND DISABLE TIMES 


C,; =50 pF 
(See Note B) 


GENERATOR 
(See Note A) 


5V a 3V 
Rp = 1102 INPUT 15 V 15 V 
| | 
OUTPUT | id 
ez 
C_ = 50 pF | k¢+——>+- tpiz 
(See Note B) | . 5V 
GENERATOR 
50 2 OUTPUT ZV 05 V 
(See Note A) — _v_ 
or wa VOL 
~ TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 5. DRIVER ENABLE AND DISABLE TIMES 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < MHz, 50% duty cycle, tr < 6 ns, 
t¢ < 5ns, Zo = 500. 
B. Cy, includes probe and jig capacitance. 
C. Equivalent test circuits may be substituted for actual testing. 
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PARAMETER MEASUREMENT INFORMATION 


OUTPUT 


GENERATOR 
(See Note A) 


Cy = 15 pF 
(See Note B) | 
OV 
— OUTPUT 
VOL 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 6. RECEIVER PROPAGATION DELAY TIMES 
$1 
Om— 5 V 
1N916 OR EQUIVALENT 
GENERATOR 
(See Note A) O 
| S3 
= = 
ee TEST CIRCUIT = 
——- — — — 3V 
INPUT INPUT —-—-—-—15V 
S1 to —1.5 V 
| OV S2 closed 
| S3 open 
OUTPUT 
OUTPUT 
S1to1.5V S1to —1.5 V 
INPUT S2 closed S2 closed 
S3 closed S3 closed 


OV 


VOH ——— 21.3V 


OUTPUT OUTPUT 


—— ee HBV VOL 


VOLTAGE WAVEFORMS 
FIGURE 7. RECEIVER OUTPUT ENABLE AND DISABLE TIMES 
NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < MHz, 50% duty cycle, tr < 6 ns, 
t¢ <= 5ns, Zo = 500. 
B. Cy includes probe and jig capacitance. 
C. Equivalent test circuits may be substituted for actual testing. 
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TYPICAL CHARACTERISTICS 
DRIVER HIGH-LEVEL OUTPUT VOLTAGE DRIVER LOW-LEVEL OUTPUT VOLTAGE 


vs vs 
DRIVER HIGH-LEVEL OUTPUT CURRENT DRIVER LOW-LEVEL OUTPUT CURRENT 


VOH—High-Level Output Voltage—V 
VoL—Low-Level Output Voltage—V 


_ 
_ 
ice 
_ 
= 
= 
= 
= 
= 
Lt 


ae! 


0 -20 -40 -60 -80 -—100 —120 0 20 40 60 80 100 120 
IOH— High-Level Output Current—mA lo. —Low-Level Output Current—mA 
FIGURE 8 FIGURE 9 


DRIVER DIFFERENTIAL OUTPUT VOLTAGE 


VS 
DRIVER OUTPUT CURRENT 


Nana 

PT PNT TT 
EEREA Nae 
pti tt TyTN 
Pt ttt 
ptt ty 
BEREEERELE 


0 
0 10 20 30 40 50 60 70 80 90 100 
Io — Output Current—mA 


FIGURE 10 


Vop — Differential Output Voltage—V 


i 
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SN95176B 
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TYPICAL CHARACTERISTICS 
RECEIVER HIGH-LEVEL OUTPUT VOLTAGE RECEIVER HIGH-LEVEL OUTPUT 


vs vs 
HIGH-LEVEL OUTPUT CURRENT FREE-AIR TEMPERATURE 


Vip = 200 mv 
IOH = —440 LA 


aE 


—r | | i ak Ol 
ft iii i] | 


VOH—High Level Output Voltage—V 
VOH-—High-Level Output Voltage—V 


1OH—High-Level Output Current—mA -40 =20 20 40 80 100 120 
~ Free-Air aes °C 
FIGURE 11 FIGURE 12 
RECEIVER LOW-LEVEL OUTPUT VOLTAGE RECEIVER LOW-LEVEL OUTPUT VOLTAGE 
vs VS 
RECEIVER LOW-LEVEL OUTPUT CURRENT FREE-AIR TEMPERATURE 


VoL—Low-Level Output Voltage—V 
Vo_—Low-Level Output Voltage—V 


0 
loL—Low Level Output Current—mA -40 -20 0 20 40 60 80 100 120 
Ta —Free-Air Temperature — °C 
FIGURE 13 FIGURE 14 
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TYPICAL CHARACTERISTICS 
RECEIVER OUTPUT VOLTAGE RECEIVER OUTPUT VOLTAGE 
vs vs 
ENABLE VOLTAGE ENABLE VOLTAGE 


Vip = 0.2 V 


Vip = -—0.2 V 
Load = 8 k{2 to ground 


Load = 1k{§2 to Vcc 


7 > 
5 ft 
s s 
5 s 
3 a 
= ~ 

5 
iA i 
> S 

0 
0 0.5 1 15 2 2.5 2 
V}—Enable Voltage—V Vj—Enable Voltage—V 
FIGURE 15 FIGURE 16 
APPLICATION INFORMATION 
SN95176B SN95176B 


UP TO 32 
TRANSCEIVERS 


NOTE: The line should be terminated at both ends in its characteristic impedance. Stub lengths off the main line should be kept as short 
as possible. 


FIGURE 17. TYPICAL APPLICATION CIRCUIT 
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SMJ27€010 
1,048,576-BIT UV ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


MARCH 1988—REVISED JULY 1988 


Organization... 128K x 8 J PACKAGE 


Single 5-V Power Supply (TOP VIEW) 


Industry Standard 32-Pin Dual-in-line 
Package 


All Inputs/Outputs Fully TTL Compatible 
Static Operation (No Clocks, No Refresh) 
Max Access/Min Cycle Time 

Vcc+ 10% 


SMJ27C010-25 250 ns 
SMJ27C010-30 300 ns 


@ 8-Bit Output For Use in Microprocessor- 
Based Systems 


@ 32-Bit Programming (Four Bytes) and 
Standard 8-Bit Programming 


Power Saving CMOS Technology 
3-State Output Buffers 


Uses TI's Innovative ACE (Advanced iaaiigeiae 


Contactless EPROM) Technology for Noise dee 
: se Output Enable 
Immunity and Improved Reliability 
: Ground 
@ 400 mV Guaranteed DC Noise Immunity No Connection 
with Standard TTL Loads Program 


Outputs 

5-V Supply 

Low Power Dissipation (Vcc = 5.5 V) 12.5-V Power Supply? 

—Active ... 220 mW Worst Case 

—Standby ... 1.5 mW Worst Case 
(CMOS-Input Levels) 


No Pull-Up Resistors Required 


TOnly in program mode. 


® Operating Free-Air Temperature —55°C to 
125°C 


description 


The SMJ27C010 series are 1,048,576-bit, ultraviolet-light erasable electrically programmable read-only 
memories. These devices are fabricated using CMOS technology for high speed and simple interface with 
MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 54 TTL circuits. 
Each output can drive one Series 54 TTL circuit without external resistors. The data outputs are three- 
state for connecting multiple devices to a common bus. The SMJ27C010 is offered in a 600-mil dual-in- 
line cerdip package (J suffix) rated for operation from —55°C to 125°C. 


Since these EPROMs operate from a single 5-V supply (in the read mode), they are ideal for use in 
microprocessor-based systems. One other (12.5 V) supply is needed for programming. All programming 
signals are TTL level. For programming outside the system, existing PROM programmers can be used. 


PRODUCT PREVIEW documents contain information P Copyright © 1988, Texas Instruments Incorporated 
on products in the formative or design phase of 43 

development. Characteristic data and other TEXAS 

specifications are design goals. Texas Instruments IN STRUM ENTS 


reserves the right to change or discontinue these 
products without notice. POST OFFICE BOX 225012 © DALLAS, TEXAS 75265 14-479 
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SMJ27€128 
131,072-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


AUGUST 1986—REVISED MAY 1989 


Organization... 16K x 8 J PACKAGE 
Single 5-V Power Supply (TOP VIEW) 


Pin Compatible with Existing 64K and 
128K EPROMs 


All Inputs/Outputs Fully TTL Compatible 


Max Access/Min Cycle Times 


Vcc + 5% Vcc + 10% 
‘27C128-120 120 ns 
'270128-15 150 ns 
'27C0128-17 170 ns 
‘27C128-20 200 ns 
'27C0128-25 250 ns 
'27C128-30 300 ns 


HVCMOS Technology 
3-State Output Buffers 


400 mV Guaranteed DC Noise Immunity 
with Standard TTL Loads 


@ Low Power Dissipation (Vcc = 5.5 V) Address Inputs 
— Active... 220 mW Worst Case Chip Enable/Power Down 
— Standby... 1.7 mW Worst Case Output Enable 

(CMOS-Input Levels) Ground 

@® Temperature Range eee 

_.. —55°C to 125°C peiieg 
5-V Power Supply 

@ MIL-STD-883C Class B High Reliability 12.5-V Power Supply 

Processing 
description 


The SMJ27C128 series are 131,072-bit, ultraviolet-light erasable, electrically programmable read-only 
memories. These devices are fabricated using HVCMOS technology for high speed and simple interface 
with MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 54 TTL 
circuit without external resistors. The data outputs are three-state for connecting multiple devices to a 
common bus. The SMJ27C128 is pin compatible with existing 28-pin ROMs and EPROMs. It is offered 
in a dual-in-line ceramic package (J suffix) rated for operation from —55°C to 125°C. 


Since these EPROMs operate from a single 5-V supply (in the read mode), they are ideal for use in 
microprocessor-based systems. One other (12.5 V) supply is needed for programming, but all programming 
signals are TTL level. For programming outside the system, existing EPROM programmers can be used. 
Locations may be programmed singly, in blocks, or at random. 


operation 


There are seven modes of operation for the SMJ27C1 28 listed on the following page. Read mode requires 
a single 5-V supply. All inputs are TTL level except for Vpp during programming (12.5 V) and 12 V on 
AQ for signature mode. 


PRODUCTION DATA documents contain information ‘ Copyright © 1989, Texas Instruments Incorporated 
current as of publication date. Products conform to 4 

specifications per the terms of Texas Instruments TEXAS 

standard warranty. Production processing does not IN STRUM ENTS 
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FUNCTION 
(PINS) 


Output ; . Program Signature 
Read ; Standby Programming Verify ca 
Disable Inhibit Mode 


CODE 
MFG | DEVICE 


es ee 
| vec | vec | vec | ve | ve | ve |v 
ee Se 


TX can be Vit or Vip. 
tv = 12V + O.5 V. 


read/output disable 


When the outputs of two or more SMJ27C128’s are connected in parallel on the same bus, the output of 
any particular device in the circuit can be read with no interference from the competing outputs of the other 
devices. To read the output of the SMJ27C128, a low-level signal is applied to the E and G pins. All 
other devices in the circuit should have their outputs disabled by applying a high-level signal to one of these 
pins. Output data is accessed at pins Q1 to Q8. 


power down 


Active ICC current can be reduced from 40 mA to 500 pA (TTL-level inputs) or 300 pA (CMOS-level inputs) 
by applying a high TTL signal to the E pin. In this mode all outputs are in the high-impedance state. 


erasure 


Before programming, the SMJ27C128 is erased by exposing the chip through the transparent lid to high 
intensity ultraviolet light (wavelength 2537 angstroms). The recommended minimum exposure dose (UV 
intensity x exposure time) is 15 watt-seconds per square centimeter. A typical 12 milliwatt-per-square- 
centimeter, filterless UV lamp will erase the device in 21 minutes. The lamp should be located about 2.5 
centimeters above the chip during erasure. After erasure, all bits are in the high state. It should be noted that 
normal ambient light contains the correct wavelength for erasure. Therefore, when using the SMJ27C128, 
the window should be covered with an opaque label. 


fast programming 


After erasure (all bits in logic 1 state), logic Os are programmed into the desired locations. A programmed O 
can be erased only by ultraviolet light. Data is presented in parallel (eight bits) on pins Q1 to O8. Once addresses 
and data are stable, PGM is pulsed. The programming mode is achieved when Vpp = 12.5V, Vcc = 6.0V, 
G = Vin, PGM = Vit, and E = Vj. More than one SMJ27C128 can be programmed when the devices 
are connected in parallel. Locations can be programmed in any order. 


Programming uses two types of programming pulses: Prime and Final. The length of the Prime pulse is 1 
millisecond; this pulse is applied X times. After each Prime pulse, the byte being programmed is verified. 
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If the correct data is read, the Final programming pulse is applied; if correct data is not read, an additional 1 
millisecond pulse is applied up to amaximum X of 25. The Final programming pulse is 3X long. This sequence 
of programming and verification is performed at Vcc = 6.0 V and Vpp = 12.5 V. When the full Fast 
programming routine is complete, all bits are verified with Vcc = Vpp = 5 V (see Figure 1). 


program inhibit 

Programming may be inhibited by maintaining a high level input on the E pin or PGM pin. 
program verify 

Programmed bits may be verified with Vpp = 12.5 V whenG = Vj, E = Vit, and PGM = Vip. 
signature mode 


The signature mode provides access to a binary code identifying the manufacturer and type. This mode is 
activated when A9Q (pin 24) is forced to 12 V + 0.5 V. Two identifier bytes are accessed by AO (pin 10); i.e., 
AO = Vi, accesses the manufacturer code which is output on Q1-Q8; AO = Vip accesses the device code 
which is output on Q1-Q8. All other addresses must be held at Vj,_. Each byte possesses odd parity on bit 
Q8. The manufacturer code for this device is 97, and the device code is 83. 


START 
ADDRESS = 
FIRST LOCATION YES FAIL DEVICE 
FAILED 
Vc 6V 
2.5 PASS 


X=0 
LAST NO INCREMENT 
ADDRESS? 
PROGRAM ONE ADDRESS 
1 ms PULSE 
YES 


INCREMENT X Vcc = Vpp = 5V 


COMPARE | 
ALL BYTES TO 
ORIGINAL 
DATA 


YES FAIL DEVICE 
FAILED 
PASS 


DEVICE 
PASSED 


VERIFY 


FAIL ONE BYTE 


PROGRAM ONE 
PULSE OF 
3X ms DURATION 


FIGURE 1. FAST PROGRAMMING FLOWCHART 
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logic symbolt 


EPROM 16,384 X 8 


AO (10) 0 

AI (9) 

A2 (8) 

A3 (7) 

Aa (6) (11) 01 
AS (5) (12) Q2 
AG (4) (13) 03 
AT (3) (15) 04 
A8 (25) (16) Q5 
AQ (24) (17) Q6 
ao 2 a 
A11 Qs 
A12 (2) 
A13 (26) 13 

— (20) 

E [PWR DWN] 


TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) Tt 


Supply voltage range, Vcc (see Note 1) .......... 2... eee ee -O0.6Vto7V 
Supply voltage range, Vpp (see Note 1)... 62s 0encc een wen vee eset ee eee we wes —-0.6Vto 14 V 
Input voltage range (see Note 1): All inputs except AQ ................02000008 | -—0.6 to6.5 V 

Cl i Ce a ee eee ee ee eee ree —-0.6 Vto 13.5 V 
Output voltage range (see Note 1) ..... 2... ... 2. eee ee -0.6VtoVcc +1V 
Minimum operating free-air temperature .... 2... 0.0.0... ee -5§5°C 
OPSTATING CASO TAITIDOIGUING «6c ice oe eK 6 E44 eR ERMA ONE T ODEN Ee ORR EES ize°-G 
Storage TeMPerature (ANGE «.. cco n cca weer eee HEED RES e ERED EHD REDE EOS -—65°C to 150°C 


NOTE 1: Under absolute maximum ratings, voltage values are with respect to GND. 


T Stresses beyond those listed under ‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only, 
and functional operation of the device at these or any other conditions beyond those indicated in the ‘Recommended Operating Conditions’”’ 
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
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recommended operating conditions 


SMJ27C128-15 
SMJ27C128-17 
SMJ27C128-20 
SMJ27C128-25 
SMJ27C128-30 


Vcc Supply voltage (see Note 2) 


Vpp Supply voltage (see Note 3) 
shlewl 
ViH_ High-level input voltage 
CMOS 
CMOS 


Vit Low-level input voltage 


NOTES: 2. Vcc must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device must 
not be inserted into or removed from the board when Vpp or V¢c¢ is applied. 
3. Vpp can be connected to Vcc directly (except in the program mode). Vcc supply current in this case would be Icc + Ipp. 
During programming, Vpp must be maintained at 12.5 V (+0.5 V). 


electrical characteristics over full ranges of recommended operating conditions 


leet Veemulveient S| ree Voom ee (|. 100 | a | 
35 


Vcc supply current TTL-input level Vcc = 5.5V, E = VIH 
CC1 — 
(standby) CMOS-input level Vcc = 5.5V,E=Vcc 


Vcc = 5.5 V,E = Vit, 
lcc2 Vcc supply current (active) tcycle = Minimum cycle time, 


outputs open 


T Typical values are at Ta = 25°C and nominal voltages. 
+ This parameter has been characterized at 25°C and is not tested. 


capacitance, Tc = 25°C, f = 1 MHz8 


PARAMETER TEST CONDITIONS MIN TYP! MAX UNIT 
OF Input capacitance V; = OV, f = 1 MHz ee eee 
Vo = OV. f= 1 Mii 


8 Capacitance measurements are made on sample basis only. 
{Typical values are at Ta = 25°C and nominal voltages. 
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switching characteristics over full ranges of recommended operating conditions (see Notes 4 and 5) 


TEST CONDITIONS *27C128-120 | ‘270128-15 °270128-17 
PARAMETER UNIT 
(SEE NOTES 4 AND 5) 


0[ 160 | ——~*170-~| 
120 
ten(G) Output enable time from G 
fits gi disable time sie or See Figure 2 ‘5 £0 
, whichever occurs first 
Output data valid time after 
ty(A) change of address, E, or 
G, whichever occurs first! 


TEST CONDITIONS ‘270128-20 ‘270128-25 ‘270128-30 
PARAMETER UNIT 
(SEE NOTES 4 AND 5) 


tata) _ Access time from address 250 |____ 300 | ns_| 
talE) Access time from chip enable [200 | ____ 250. [300 | ns _ 
Output disable time from G or : 

tdis = ; _ See Figure 2 

E, whichever occurs first 

feted pe fe fe fw 


TValue calculated from 0.5 V delta to measured output level. This parameter is only sampled and not 100% tested. 


ty(A) change of address, E, or 


G, whichever occurs firstt 


recommended timing requirements for programming, TA = 25°C, Vcc = 6 V, Vpp = 12.5 V 
(see Note 4) 


tw(IPGM) _ Initial program puise duration 
tw(FPGM) Final pulse duration 
tsu(A) Address setup time 


tsu(G) G setup time 
tdis Output disable time from G 


ten(G) Output enable time from G 


tsu(D) Data setup time 


th(D) Data hold time 


NOTES: 4. For all switching characteristics and timing measurements input pulse levels are 0.40 V to 2.4 V and Vpp = 12.5V + 0.5 V 
during programming. 
5. Common test conditions apply for tqj, except during programming. 
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PARAMETER MEASUREMENT INFORMATION 


2.08 V 


Rt 800 0) 
OUTPUT 
UNDER TEST 
To 


100 pF 


FIGURE 2. OUTPUT LOAD CIRCUIT 


read cycle timing 


A0-A13 


m| 


@) | 


01-08 HI-Z LULL pinta ya. 
| AK) into” fg 
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program cycle timing 


[> Program———*,_veriry aii 
| 
| | 
| 
| 


ViH 
A0-A13 ADDRESS STABLE | ADDRESS N+1 
VIL 


Q1-Q8 


| 
ViH 
es | ] 
PGM { | | 
oh - tsu(G) | ViL 
tw(IPGM)—fe——o | | o -” 
tw(FPGM)—}—_—> | | 
ViH 
= | 
VIL 
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Wide-Word Organization ... 64K x 16 
Single 5-V Power Supply 


Operationally Compatible with Existing 
Megabit EPROMs 


40-Pin Dual-in-line Package 


Static Operations (No Clocks, No Refresh) 


Max Access/Min Cycle Time 
Vcc+ 10% 

SMJ27C210-25 250 ns 

SMJ27C210-30 300 ns 


@ 16-Bit Output For Use in Microprocessor- 
Based Systems 


@ 32-Bit Programming (Two 16-Bit Words) 
and 16-Bit Programming 


16 Seconds Typical Programming Time 
Power Saving CMOS Technology 
3-State Output Buffers 


Uses TI's Innovative ACE (Advanced 
Contactless EPROM) Technology for Noise 
Immunity and Improved Reliability 


@ 400 mV Guaranteed DC Noise Immunity 
with Standard TTL Loads 


@® Latchup Immunity of 250 mA on All Input 
and Output Pins 


No Pull-Up Resistors Required 


Low Power Dissipation 

—Active .. . 220 mW Worst Case 

—Standby ... 1.5 mW Worst Case 
(CMOS-Input Levels) 


@ Operating Free-Air Temperature — 55°C to 
125°C 


description 


All Inputs and Outputs Fully TTL Compatible 


SMJ27€210 


J PACKAGE 
(TOP VIEW) 


Vec 
PGM 
NC 
A15 
A14 
A13 
A12 
Al] 
A10 
AQ 
GNDt 
A8 
A7 
A6 
A5 
A4 
A3 
A2 
Al 
AO 


Address Inputs 
Chip Enable 
Output Enable 
Ground 

No Connection 
Program 


Outputs 
5-V Supply 
12.5-V Supply+ 


tPins 11 and 30 must be connected 
externally to ground. 
+Only in program mode. 


MARCH 1988 


1,048,576-BIT UV ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


The SMJ27C210 is a 1,048,576-bit, ultraviolet-light erasable, electrically programmable read-only memory. 
This device is fabricated using CMOS technology for high speed and simple interface with MOS and bipolar 
circuits. All inputs (including program data inputs) can be driven by Series 74 TTL circuits without the 
use of external pull-up resistors and each output can drive one Series 74 TTL circuit without external 
resistors. The data outputs are three-state for connecting multiple devices to a common bus. The 
SMJ27C210 is offered in a 600-mil dual-in-line cerdip package (J suffix) rated for operation from —55°C 


te 125°C. 


PRODUCT PREVIEW documents contain information 
on products in the formative or design phase of 
development. Characteristic data and other 


reserves the right to change or discontinue these 


products without notice. OST IPE Is Boe 


Fi Copyright © 1988, Texas Instruments Incorporated 
TEXAS ay 
specifications are design goals. Texas Instruments IN STRUM ENTS 


225012 @® DALLAS, TEXAS 75265 
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MAY 1986—REVISED MAY 1989 


Organization ... 32K x 8 J PACKAGE 
Single 5-V Power Supply es 
Pin Compatible with Existing 128K and 
256K EPROMs 


All Inputs/Outputs Fully TTL Compatible 


Max Access/Min Cycle Time 
SMJ27C256-15 150 ns 
SMJ27C256-17 170 ns 
SMJ27C256-20 200 ns 
SMJ27C256-25 250 ns 
SMJ27C256-30 300 ns 


HVCMOS Technology 
3-State Output Buffers 


400 mV Guaranteed DC Noise Immunity 
with Standard TTL Loads 


@ Low Power Dissipation (Vcc = 5.5 V) 
— Active... 220 mW Worst Case 
— Standby... 1.7 mW Worst Case 


Address Inputs 
(CMOS-Input Levels) 


Chip Enable/Power Down 
@ Temperature Range Output Enable 
». »-- 55°C to 125°C Ground 


Outputs 
@® MIL-STD-883C Class B 


$ = 2 ms P 5-V Power Supply 
High-Reliability Processing 


12.5-V Power Supply 


description 


The SMJ27C256 series are 262,144-bit, ultraviolet-light erasable, electrically programmable read-only 
memories. These devices are fabricated using HVCMOS technology for high speed and simple interface 
with MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 54 TTL 
circuits without the use of external pull-up resistors, and each output can drive one Series 54 TTL circuit 
without external resistors. The data outputs are three-state for connecting multiple devices to a common 
bus. The SMJ27C256 is pin compatible with existing 28-pin ROMs and EPROMs. It is offered in a dual-in- 
line ceramic package (J suffix) rated for operation from —55°C to 125°C. 


Since these EPROMs operate from a single 5-V supply (in the read mode), they are ideal for use in 
microprocessor-based systems. One other (12.5 V) supply is needed for programming, but all programming 
signals are TTL level. For programming outside the system, existing EPROM programmers can be used. 
Locations may be programmed singly, in blocks, or at random. 


operation 


There are seven modes of operation for the SMJ27C256 listed on the following page. Read mode requires 
a single 5-V supply. All inputs are TTL level except for Vpp during programming (12.5 V) and 12 V on 
AY for signature mode. 


PRODUCTION DATA documents contain information . Copyright © 1989, Texas Instruments Incorporated 
current as of publication date. Products conform to 4 

specifications per the terms of Texas Instruments TEXAS 

standard warranty. Production processing does not IN STRUM ENTS 


necessarily include testing of all parameters. 
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FUNCTION 
(PINS) 


ideaiie Program Signature 
Read Standb P Vv 
Inhibit Mode 


VIL 


VIL 


na 
pare 
= 
a 
= 
~ 
hl 


Vcc VCC 


< 
OQ 
O 

< 
O 
oO 

< 
O 
O 


VIL VIH 


< 
C) 
OQ 
< 
5 
me) 
< 
a 
me) 
< 
o 
Uv 
<4 
OQ 
O 


ne 
a 


=| 
aa 


2 
Oo 
oO 
m 


TX can be Vi, or Vip. 
tv = 12V + O.5 V. 


read/output disable 


When the outputs of two or more SMJ27C256s are connected in parallel on the same bus, the output of any 
particular device in the circuit can be read with no interference from the competing outputs of the other devices. 
To read the output of the SMJ27C256, a low-level signal is applied to the E and G pins. All other devices in 
the circuit should have their outputs disabled by applying a high-level signal to one of these pins. Output data 
is accessed at pins Q1 to Q8. 


power down 


Active ICC current can be reduced from 40 mA to 500 pA (TTL-level inputs) or 300 A (CMOS-level inputs) 
by applying a high TTL signal to the E pin. In this mode all outputs are in the high- impedance state. 


erasure 


Before programming, the SMJ27C256 is erased by exposing the chip through the transparent lid to high 
intensity ultraviolet light (wavelength 2537 angstroms). The recommended minimum exposure dose (UV 
intensity x exposure time) is 15 watt-seconds per square centimeter. A typical 12 milliwatt-per-square- 
centimeter, filterless UV lamp will erase the device in 21 minutes. The lamp should be located about 2.5 
centimeters above the chip during erasure. After erasure, all bits are in the high state. It should be noted that 
normal ambient light contains the correct wavelength for erasure. Therefore, when using the SMJ27C256, 
the window should be covered with an opaque label. 


fast programming 


After erasure (all bits in logic 1 state), logic Os are programmed into the desired locations. A programmed O 
can be erased only by ultraviolet light. Data is presented in parallel (eight bits) on pins Q1 to Q8. Once addresses 
and data are stable, E is pulsed. The programming mode is achieved when Vpp = 12.5 V, Vcc = 6.0V, 
G = Vip, andE = ViL- More than one SMJ27C256 can be programmed when the devices are connected in 
parallel. Locations can be programmed in any order. 


Programming uses two types of programming pulses: Prime and Final. The length of the Prime pulse is 
1 millisecond; this pulse is applied X times. After each Prime pulse, the byte being programmed is verified. 
If the correct data is read, the Final programming pulse is applied; if the correct data is not read, an additional 
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1 millisecond pulse is applied up to a maximum X of 25. The Final programming pulse is 3X long. This 
sequence of programming and verification is performed at Vcc = 6.0 V and Vpp = 12.5 V. When the 
full Fast programming routine is complete, all bits are verified with Vcc = Vpp = 5 V (see Figure 1). 
program inhibit 

Programming may be inhibited by maintaining a high level input on the E pin. 

program verify 

Programmed bits may be verified with Vpp = 12.5 V when G = Vj, and E = Vjp. 

signature mode 


The signature mode provides access to a binary code identifying the manufacturer and type. This mode 
is activated when AQ (pin 24) is forced to 12 V + 0.5 V. Two identifier bytes are accessed by AO (pin 
10); i.e., AO = Vi,_ accesses the manufacturer code which is output on Q1-Q8; AO = Vip accesses the 
device code which is output on Q1-Q8. All other addresses must be held at Vii. Each byte possesses 
odd parity on bit Q8. The manufacturer code for this device is 97, and the device code is 04. 


START 


ADDRESS = 
FIRST LOCATION YES FAIL DEVICE 
FAILED 
Vec - 6V 
Vpp = 12.5 V PASS 


LAST NO, INCREMENT 
ADDRESS? ADDRESS 
PROGRAM ONE 
1 ms PULSE vEG 
Vcc = Vpp = 5V 
INCREMENT X 


COMPARE 
ALL BYTES TO 
ORIGINAL 
DATA 


FAIL DEVICE 
FAILED 


PASS 


DEVICE 
PASSED 


VERIFY 
ONE BYTE 


PROGRAM ONE 
PULSE OF 
3X ms DURATION 


FIGURE 1. FAST PROGRAMMING FLOWCHART 
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logic symbolt 


EPROM 32,768 X 8 


ao 110], 
ee: 
aa iS 
Ae 
A4 (11) 
(5) 
AS (12) 
(4) 
AG (13) 
az iol 
(15) 
(25) 
A8 (16) 
a (17) 
aio —2u) 
(23) Ail 
A111 (2) (19) 
A12 
aia: 126) 
A114 er 14 
* (20) 


[PWR DWN] 


tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


Q1 
Q2 
Q3 
Q4 
Q5 
Q6 
Q7 
Q8 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) * 


supply voltage range, Vcc (see Note 1) ... 2... 2c ccc ee eae -0.6 Vto7V 


Supply voltage range, Vpp (see Note 1) 
Input voltage range (see Note 1): All inputs except AQ 


Output voltage range (see Note 1) ............. 0... eee ee ee 


Eke KAREN GE ERE SHE EOE ERE ATKEC RES OOS —§6°C 


La AEE Ge Ob ao 0 Sew ORE Owe 6.6 Hae ESS OR eee 125°C 
Storage temperature range ........... 0. cc ee eee 


Minimum operating free-air temperature 
Maximum operating case temperature 


NOTE 1: Under absolute maximum ratings, voltage values are with respect to GND. 


Cea oe eee ewer cadens eobad ouuweui —-0.6Vto 14 V 
Coe whe eae eee Gees oe ee —0.6 to 6.5 V 


-0.6 V to 13.5 V 


—-0.6 VtoVcc +1V 


+Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘’Recommended Operating 
Conditions”’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 


device reliability. 
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recommended operating conditions 


SMJ27C256-15 

SMJ27C256-17 

SMJ27C256-20 

SMJ27C128-25 

SMJ27C128-30 
| Voc Supply voltage (see Note 2) 


Vcc Supply voltage (see Note 2) 


Ta Operating free-air temperature 
Tc Operating case temperature 


Ipp1 Vpp supply current Vpp = Vcc = 5.5 V 


' Vpp supply current? (during program pulse) Vv 13 V 
Pre (see Note 4) ail 
CCl 


Vcc supply current TTL-input level Vcc = 5.5 V, E = Vin 
E 


| 

(standby) CMOS-input level Vcc = 5.5 V,E = Vcc 
Vcc = 5.5 V,E = Vit, 

lcc2 Vcc supply current (active) (see Note 4) tcycle = minimum cycle time, 


outputs open 


NOTES: 2. Vcc must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device must 
not be inserted into or removed from the board when Vpp or Vcc is applied. 
3. Vpp can be connected to Vcc directly (except in the program mode). Vcc supply current in this case would be Icc + Ipp. 
During programming, Vpp must be maintained at 12.5 V (+0.5 V). 
4. Valid during programming mode also. 
5. Vpp may be one diode drop below Vcc. It may be connected directly to Vcc. Also, Vcc must be applied simultaneously 
or before Vpp and be removed simultaneously or after Vpp. 
TTypical values are at Ta = 25°C and nominal voltages. 
tThis parameter has been characterized at 25°C and is not tested. 


TEXAS 4 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON. TEXAS 77001 14-495 


SMJ27€256 7 
262,144-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


capacitance, Tc = 25°C, f = 1 MHzt 


PARAMETER TEST CONDITIONS MIN TYP* MAX | UNIT 
Vi = OV, = 1 Miz ee 
Cy Output capacitance Vo = OV, f = 1 MHz | 10 14 |p 


T Capacitance measurements are made on sample basis only. 
+Typical values are at Ta = 25°C and nominal voltages. 


switching characteristics over full ranges of recommended operating conditions (see Notes 6 and 7) 


TEST CONDITIONS ‘27C256-15 ‘27C256-17 
PARAMETER UNIT 
(SEE NOTES 6 AND 7) 


ta(A) Access time from address 
ta(E) | Access time from chip enable 


ten(G) Output enable time from G 


Ci = 100 pF, 
1 Series 54 TTL Load, 
Input tr < 20 ns, 
Input ts < 20 ns 


Output disable time from G or 


tdi _ 
dis E, whichever occurs first 8 


Output data valid time after 
ty(A) change of address, E, or 
G, whichever occurs first’ 


TEST CONDITIONS ‘27C256-20 ‘270256-25 ‘270256-30 
PARAMETER 
(SEE NOTES 6 AND 7) | MIN MAX | MIN MAX 
ta(A) Access time from address 
ta(E) | Access time from chip enable 


ten(G) Output enable time from G C, = 100 pF, F100. | 


hie Output disable time from G or 1 Series 54 TTL Load, 0 
E, whichever occurs first 8 Input tr < 20 ns, 
Output data valid time after Input ts = 20 ns 

ty(A) change of address, E, or 


G, whichever occurs first 8 


NOTES: 6. For all switching characteristics and timing measurements, input pulse levels are 0.40 V to 2.4 V and Vpp = 12.5V + 0.5V 
during programming. 
7. Common test conditions apply for tgjg except during programming. 
8Value calculated from 0.5 V delta to measured output level. This parameter is only sampled and not 100% tested. 
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recommended timing requirements for programming, TA = 25°C, Vcc = 6 V, Vpp = 12.5 V 
(see Note 6) 


Initial program pulse duration 


tw(FPGM) Final pulse duration 2.00 : 
tela) __Address setup time 


tdis Output disable time from G ) 130 


ten(G) Output enable time from G 
tsu(D) Data setup time 


tsu(VPP)__Vpp setup time 
tsuivec) Vcc setup time 
Address hold time ee 
Data hold time 
tsu(E) E setup time 


NOTE : 6. For all switching characteristics and timing measurements input pulse levels are 0.40 V to 2.4 V and Vpp = 12.5V + 0.5 V 
during programming. 


PARAMETER MEASUREMENT INFORMATION 


2.08 V 


OUTPUT 
UNDER TEST 


FIGURE 2. OUTPUT LOAD CIRCUIT 


TEXAS 4) 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON. TEXAS 77001 14-497 


SMJ270256 
262,144-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


read cycle timing 


A0-A14 ADDRESSES VALID 


| Kt ten(G) > ee tdis 
———— ta(A) | ‘Al | 


01-08 es HZ [/{[/[f/'  ovreut — &\ is VOH 
NAW 7 
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program cycle timing 


Soa i Ee 


ADDRESS STABLE | 


ViH 
A0-A14 


ADDRESS N+1 


VIL 


ee tsu(A) o 


| 
| 
| Vin/VOH 
Q1-a8 DATA IN STABLE Hi-Z 
| Vit/VOL 
ke— tsu(D) > | 


| | 

| | Vpp 

V ), | | 
- ke tsuivPP) -o | | l | Voc 
| | Vec+1 
+ 

: , cc 
mie ke tsurvec) ~ | 

| 


Vcc 


tw(IPGM) +—_} : . | — 
twiFPGM) ———2>{ | | 
| 


@ | 


VIL 
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SEPTEMBER 1987 — REVISED DECEMBER 1987 


Organization... 64K x 8 J PACKAGE 
(TOP VIEW) 


Single 5-V Power Supply 
Pin Compatible with Existing 512K EPROMs 
Ail Inputs/Outputs Fully TTL Compatible 


Max Access/Min Cycle Time 
‘'27C0512-20 200 ns 
'270512-25 250 ns 
‘'27C512-30 300 ns 


HVCMOS Technology 
3-State Output Buffers 


Latchup Immunity of 250 mA on ali Input 
and Output Pins 


400 mV Guaranteed DC Noise Immunity 
with Standard TTL Loads 


Low Power Dissipation (Vcc = 5.5 V) 
— Active... 263 mW (MAX) 
— Standby... 1.8 mW (MAX) 


(CMOS Input Levels) Address Inputs 
Chip Enable/Power Down 


-— 55°C to 125°C Operating Temperature ee 

Range Outputs 

Standard and Class B Processing 5-V Power Supply 

— SM27C512.. . Standard 12.5-V Power Supply/ 


— SMJ27C512... Class B Output Enable 


description 


The SMJ27C512 series is a 524,288-bit, ultraviolet-light erasable, electrically programmable read-only 
memory. This device is fabricated using HVCMOS technology for high speed and simple interface with 
MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 54 TTL circuits 
without the use of external pull-up resistors, and each output can drive one Series 54 TTL circuit without 
external resistors. The data outputs are three-state for connecting multiple devices to a common bus. The 
SMJ27C512 is pin compatible with existing 28-pin ROMs and EPROMs. It is offered in a dual-in-line ceramic 
package (J suffix) rated for operation from —55°C to 125°C. 


Since this EPROM operates from a single 5-V supply (in the read mode), it is are ideal for use in 
microprocessor-based systems. One other (12.5 V) supply is needed for programming, but all prograinming 
signals are TTL level. For programming outside the system, existing EPROM programmers can be used. 
Locations may be programmed singly, in blocks, or at random. 


operation 


There are seven modes of operation for the SMJ27C512 listed on the following page. Read mode requires 
a single 5-V supply. All inputs are TTL level except for Vpp during programming (12.5 V) and 12 V on 
AQ for signature mode. 


PRODUCTION DATA documents contain information 4 Copyright © 1987 Texas Instruments Incorporated 
current as of publication date. Products conform to 

specifications per the terms of Texas Instruments EXAS 

standard warranty. Production processing does not INSTRUMENTS 
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FUNCTION 


Output Program Signature 
(PINS) Read Standby Programming Verify 
Disable Inhibit Mode 


TX Can be Vy or Viy. 
TV = 12V 40.5 V. 


read/output disable 


When the outputs of two or more SMJ27C51 2s are connected in parallel on the same bus, the output of any 
particular device in the circuit can be read with no interference from the competing outputs of the other devices. 
To read the output of the SMJ27C512, a low-level signal is applied to the E and G/Vpp pins. All 
other devices in the circuit should have their outputs disabled by applying a high-level signal to one of these 
pins. Output data is accessed at pins Q1 to O8. 


power down 


Active ICC current can be reduced from 50 mA to 500 »A (TTL-level inputs) or 350 pA (CMOS -level inputs) 
by applying a high logic signal to the E pin. In this mode all outputs are in the high-impedance state. 


erasure 


Before programming, the SMJ27C512 is erased by exposing the chip through the transparent lid to high 
intensity ultraviolet light (wavelength 2537 angstroms). The recommended minimum exposure dose (UV 
intensity xX exposure time) is 15 watt-seconds-per-square-centimeter. A typical 12 milliwatt-per-square- 
centimeter, filterless UV lamp will erase the device in 21 minutes. The lamp should be located about 2.5 
centimeters above the chip during erasure. After erasure, all bits are in the high state. It should be noted that 
normal ambient light contains the correct wavelength for erasure. Therefore, when using the SMJ27C512, 
the window should be covered with an opaque label. 


fast programming 


After erasure (all bits in logic 1 state), logic Os are programmed into the desired locations. A programmed O 
can be erased only by ultraviolet light. Data is presented in parallel (eight bits) on pins Q1 to Q8. Once addresses 
and data are stable, Eis pulsed. The programming mode is achieved when G/Vpp = 12.5V, Vcc = 6.0V,and 
E = Vit. More than one SMJ27C512 can be programmed when the devices are connected in parallel. 
Locations can be programmed in any order. 


Programming uses two types of programming pulses: Prime and Final. The length of the Prime pulse is 1 
millisecond; this pulse is applied X times. After each Prime pulse, the byte being programmed is verified. If 
the correct data is read, the Final programming pulse is applied; if correct data is not read, an additional 1 
millisecond pulse is applied up to amaximum X of 25. The Final programming pulse is 3X long. This sequence 
of programming and verification is performed at Vcc = 6.0 V. When the full Fast programming routine is 
complete, all bits are verified with Vcc = 5 V (see Figure 1). 
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program inhibit 

Programming may be inhibited by maintaining. a high level input on the E pin. 
program verify 

Programmed bits may be verified with G/Vpp and E = Vi_. 

signature mode 


The signature mode provides access to a binary code identifying the manufacturer and type. This mode 
is activated when AQ (pin 24) is forced to 12 V + 0.5 V. Two identifier bytes are accessed by AO (pin 
10); i.e., AO = Vi, accesses the manufacturer code; AO = VjH accesses the device code. All other addresses 
must be held at Vii. Each byte possesses odd parity on bit Q8. The manufacturer code for this device 
is 97, and the device code is 85. 


latchup immunity 


Latchup immunity on the SMJ27C512 is minimum of 250 mA on all inputs and outputs. This feature provides 
latchup immunity beyond any potential transients at the P.C. board level when the EPROM is interfaced 
to industry standard TTL or MOS logic devices. Input-output layout approach controls latchup without 
compromising performance or packing density. 


For more information see application report SMLAOO1; ‘Design Considerations; Latchup Immunity of the 
HVCMOS EPROM Family,’’ available through Tl Field Sales Offices. 
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START 


ADDRESS = 
FIRST LOCATION 


Vec=6 V 
Vpp=12.5 V 


PROGRAM ONE 
1 ms PULSE 


INCREMENT X 


NO 


DEVICE PROGRAM ONE 
FAILED PULSE OF 


3X ms DURATION 


LAST 
ADDRESS? 
YES 


Vcc = 5 V: G/Vpp = Vit 


VERIFY 
ONE BYTE 


INCREMENT 
ADDRESS 


COMPARE 
ALL BYTES TO 
ORIGINAL 
DATA 


FAIL 


PASS 
DEVICE 
PASSED 


FIGURE 1. FAST PROGRAMMING FLOWCHART 


4 
TEXAS 
INSTRUMENTS 


14-504 POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


SMJ27€512 


§24,288-BIT UV ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


logic symbolt 


EPROM 65,536 X8 


ag 10) 5 
a, 9) 
ap (8) 
ss ta 
Aa —2 (11) 
as —2! Q1 
ng {4 (12) Go 
ag 12 (13) G5 
i 25) (15) oa 
2a so 
A10 = U7) as 
ers US) oF 
fm (19) og 
413 £28) 

(27) 
A14 

(1) 
A15 15 

~ (20) 


[PWR DWN] 


fe 
= (22) 
G/Vpp — La 


TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 


Supply voltage range, Vor (see Note 1)... ccc ck ee eae ew ee ee eee eee eee ee es —-0.6 Vto7V 
Supply voltage range, Vpp (see Note 1) ........... 2... 00. eee ees —0.6 V to 14 V 
Input voltage range (see Note 1): All inputs except AQ ...................00.. =0.6 to 6.5 V 

FU 6 id te Ph oa eee ee eee eee chee hee es —~0.6 V to 13.5 V 
Output voltage range (see Note 1) ........... 2... eee ee ee -~0.6 V to Yoc + 1 V 
Minimum operating free-air temperature ... 2... 0.00... ee — 55°C 
Maximum operating case temperature ......... 20.0000 0c ee 125°C 
Storage temperature range ...... 2.2... 00. ee - 65°C to 150°C 


NOTE 1: Under absolute maximum ratings, voltage values are with respect to GND. 


T Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions”’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 


device reliability. 
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recommended operating conditions 


SM/SMJ27C512-25 
SM/SMJ27C512-30 
SM/SMJ27C512-45 


Vcc Supply voltage (see Note 2) 4.5 


Vpp Supply voltage (see Note 3) 


VCC +0.2 
0.8 


i 1 
Vi High-level input voltage 
CMOS 


Ta Operating free-air temperature 
Tc Operating case temperature 


NOTES: 2. Vcc must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device must 
not be inserted into or removed from the board when Vpp or Vcc is applied. 
3. Vpp can be connected to Vcc directly (except in the program mode). Vcc supply current in this case would be Icc + Ipp. 
During programming, Vpp must be maintained at 12.5 V (+0.5 V). 


electrical characteristics over full ranges of recommended operating conditions 


Vcc = 5.5V,E = VIL, 
tcycle = Minimum cycle time, 


lcc2 Vcc supply current (active) 


outputs open 


t Typical values are at Ta = 25°C and nominal voltages. 
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capacitance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 


PARAMETER TEST CONDITIONS MIN TypPt UNIT 
OF Input Capacitance V; = OV, f = 1 MHz 
Co Output capacitance Vo = OV, f = 1 MHz 


CG/Vpp_ _G/Vpp input capacitance G/Vpp = OV, f = 1 MHz 


tTypical values are at Ta = 25°C and nominal voltages. 


PARAMETER 


| ta(A) Access time from address 
ta(E) | Access time from chip enable 


ten(G) Output enable time from G 


Output disable time from G or 


TEST CONDITIONS 
(SEE NOTE 4) 


‘270512-30 


‘'27C0512-20 °270512-25 


UNIT 
ns 


tdi i See Figure 2 
dis E, whichever occurs first? 9 


Output data valid time after 
ty(A) change of address, E, or 
G, whichever occurs first? 


+Value calculated from 0.5 V delta to measured output level. 
NOTE 4: For all switching characteristics and timing measurements input pulse levels are 0.4 V to 2.4 V. Timing measurements are made 
at 2.0 V for logic 1 and 0.8 V for logic O (reference page 8, AC testing waveforms). 
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recommended timing requirements for programming, TA = 25°C, Vcc = 6 V, Vpp = 12.5 V 
(see Note 4) 


tdisiG) Output disable time from G 0 130 


tsu(VCC) Vcc setup time 
th(A) Address hold time 


th(D) Data hold time 
tr(PG)G Vpp rise time 


th( VPP) Vpp hold time 
trec(PG) Vpp recovery time 


NOTE 4: For ali switching characteristics and timing measurements input pulse levels are 0.4 V to 2.4 V. Timing measurements are made 
at 2.0 V for logic 1 and 0.8 V for logic O (reference below). 


PARAMETER MEASUREMENT INFORMATION 


2.08 V 
R_ = 800 22 


OUTPUT 
UNDER TEST 


T Ch = 100 pF 


FIGURE 2. OUTPUT LOAD CIRCUIT 


2.4 V 


0.40 V 


AC testing input/output wave forms 


A.C. testing inputs are driven at 2.4 V for logic 1 and 0.4 V for logic O. Timing measurements are made 
at 2.0 V for logic 1 and 0.8 V for logic O. 
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read cycle timing 


A0-A15 


m| 


G/Vpp 


Q1-Q8 


program cycle timing 


AO-A15 


‘eas tna te 


Q1-08 


inoue > 
tsu(VPP) >| 


G/Vpp 


| | | | | = 
! tr(PG)G | | tec(PG) fe | | 
ViH 
E Je suivoc 
| | peptic VIL 
| >t twiFPGM) 
Yee <4 
Vcc 
Vcc 


Texas 


ecru ewe 
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TYPICAL SMJ27C512 CHARACTERISTICS 


STANDBY SUPPLY CURRENT STANDBY SUPPLY CURRENT 
vs vs 
FREE-AIR TEMPERATURE or SUPPLY VOLTAGE 
& 1.50 3 
5 =| 
O O 
< 1.25 ie 
as ao 
SN SN 
” 5 1.00 o's 
BE BE 
3 ze 
s= 0.75 st 
” ” 
| | 
5 0.50 O 
2 —~75 -50 -25 0 25 50 75 100 125 — 4.25 4.5 4.75 5.0 5.25 5.5 5.75 
Ta —Free-Air Temperature — °C Vcc—Supply Voltage—V 
ACTIVE SUPPLY CURRENT ACTIVE SUPPLY CURRENT 
vs vs 
FREE-AIR TEMPERATURE 7 SUPPLY VOLTAGE 
. 3 1.50 
s= Seg | 
O 3 a0 
> oN 
aE AS 1.00 
xs = 
ao) 26 
|< 32 oe 
N = 6. 
9 | 
2 N 
© 0.50 
-75 -50 -25 0 25 50 75 100 125 ~ 4.25 4.5 4.75 5.0 5.25 5.5 5,75 
Ta—Free-Air Temperature — °C Vcc—Supply Voltage—V 
ACCESS TIME ACCESS TIME 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 
1.50 
® 
o 
E a 
Zs FS 1.25 
7 gs 
3 3 3 E 
O€ Ss & 1.00 
os Is 
qo i 2 
| 2 “a 
7 
es b 0.75 
0.50 
-75 ~-80 -25 0 25 50 75 100 125 4.25 4.5 4.75 5.0 5.25 5.5 5.75 
Ta—Free-Air Temperature — °C Vcc—Supply Voltage—V 
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JULY 1985 — REVISED MAY 1988 


65,536 x 1 Organization JD PACKAGE 
(TOP VIEW) 
Single 5-V Supply (+ 10% Tolerance) 


Upward Pin Compatible with ‘4116 (16K 
Dynamic RAM) 


@ Available Temperature Ranges with MIL- 
STD-883C High-Reliability Class B 


Processing: 

—S...-—55°C to 110°C 

—L...0°C to 70°C 

Long Refresh Period ... 4 ms PG PACKAGE 
Low Refresh Overhead Time... As Low As (TOP VIEW) 


1.8% of Total Refresh Period 


@® All Inputs, Outputs, Clocks Fully TTL 
Compatible 


3-State Unlatched Output 


Common 1/O Capability with Early Write 
Feature 


Page-Mode Operation for Faster Access 


Low Power Dissipation 
— Operating .. . 125 mW (Typ) 
—Standby .. . 17.5 mW (Typ) 


@ Performance Ranges: 


ACCESS ACCESS READ READ- - Address Inputs 
TIME TIME OR MODIFY- Column-Address Strobe 
ROW COLUMN WRITE WRITE Data In 
ADDRESS ADDRESS CYCLE CYCLE No Connection 
(MAX) (MAX) (MIN) (MIN) Data Out 
‘4164-12 120ns 70 ns 230 ns 260 ns RAS Row-Address Strobe 
‘4164-15 150ns 85 ns 260 ns 285 ns 5-V Supply 
‘4164-20 200 ns 135 ns 326 ns 345 ns Ground 


Write Enable 


@ SMOS (Scaled-MOS) N-Channel Technology 


description 


The SMJ4164 is a Military high-speed, 65,536-bit, dynamic random-access memory, organized as 65,536 
words of one bit each. It employs state-of-the-art SMOS (scaled MOS) N-channel double-level polysilicon 
gate technology for very high performance combined with low cost and improved reliability. 


The SMJ4164 features RAS access times of 120 ns, 150 ns, and 200 ns maximum. Power dissipation is 
125 mW typical operating and 17.5 mW typical standby. 


PRODUCTION DATA documents contain information ° Copyright © 1985, Texas Instruments Incorporated 
current as of publication date. Products conform to 4 

specifications per the terms of Texas Instruments EXAS 

standard warranty. Production processing does not IN STRU M ENTS 
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Refresh period is extended to 4 milliseconds, and during this period each of the 256 rows must be strobed 
with RAS in order to retain data. CAS can remain high during the refresh sequence to conserve power. 


All inputs and outputs, including clocks, are compatible with Series 54/74 TTL. All address lines and data 
in are latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility. 
Pin 1 has no internal connection to allow compatibility with other 64K RAMs that use this pin for an additional 
function. 


The SMJ4164 is offered in a 16-pin dual-in-line ceramic sidebraze package (JD suffix) and in a leadless 
ceramic chip carrier package (FG suffix). The JD package is designed for insertion in mounting-hole rows 
on 7,62-mm (300-mil) centers, whereas the FG package is intended for surface mounting on solder lands 
on 1,27-mm (0.050-inch) centers. The FG package is a three-layer, 18-pad, rectangular ceramic chip carrier 
with dimensions of 7,37 x 10,8 x 1,65 mm (0.290 x 0.425 x 0.065 inches). 


operation 
address (AO through A7) 


Sixteen address bits are required to decode 1 of 65,536 storage cell locations. Eight row-address bits are 
set up on pins AO through A7 and latched onto the chip by the row-address strobe (RAS). Then the 
eight column-address bits are set up on pins AO through A7 and latched onto the chip by the column- 
address strobe (CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS 
is similar to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used 
as a chip select activating the column decoder and the input and output buffers. 


write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data input is disabled when the read mode is selected. When 
W goes low prior to CAS, data-out will remain in the high-impedance state for the entire cycle, permitting 
common |/O operation. 


data in (D) 


Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling 
edge of CAS or W strobes data into the on-chip data latch. This latch can be driven from standard TTL 
Circuits without a pull-up resistor. In an early write cycle, W is brought low prior to CAS and the data 
is strobed in by CAS with setup and hold times referenced to this signal. In a delayed write or read-modify- 
write cycle, CAS will already be low, thus the data will be strobed in by W with setup and hold times 
referenced to this signal. 


data out (Q) 


The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fanout 
of two Series 54/74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance 
(floating) state until CAS is brought low. In a read cycle the output goes active after the access time interval 
ta(C) that begins with the negative transition of CAS as long as ta(R) is satisfied. The output becomes 
valid after the access time has elapsed and remains valid while CAS is low; CAS going high returns 
it to a high-impedance state. In an early write cycle, the output is always in the high-impedance state. 
In a delayed-write or read-modify-write cycle, the output will follow the sequence for the read cycle. 


refresh 


A refresh operation must be performed at least every four milliseconds to retain data. Since the output 
buffer is in the high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids 
any output during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS 
causes all bits in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to 


conserve power. 
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page mode 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
successive column addresses onto the chip. Thus, the time required to set up and strobe sequential row 
addresses for the same page is eliminated. To extend beyond the 256 column locations on a single RAM, 
the row address and RAS are applied to multiple 64K RAMs. CAS is then decoded to select the proper RAM. 


power up 


After power up, the power supply must remain at its steady-state value for 1 ms. In addition, RAS must 
remain high for 100 ps immediately prior to initialization. Initialization consists of performing eight RAS 
cycles before proper device operation is achieved. 


logic symbolt 


RAM 64K X 1 


AO 20D8/21D0 
Al 


A2 


A3 
A4 
A5 
A6 
A7 


20015/21D7 


RAS 


tT This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the dual-in-line package. 
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functional block diagram 


A7 
A6 
AS 
A4 
A3 
A2 
Al 
AO 


TIMING & CONTROL 


(1/2 MEMORY ARRAY) 


A 

ae DATA 

sua BUFFERS IN 
Seah (8) — 
ryt ft 


BUFFER & DATA 
10F 41/0 OUT Q 
SELECTION REG. 


256 SENSE 
AMPS 


REFRESH 


COLUMN 
ADDRESS 
BUFFERS 
(8) 


(1/2) MEMORY ARRAY 


absolute maximum ratings over operating temperature range (unless otherwise noted)t 


Voltage on any pin except Vpp and data out (see Note 1).................... ~I.o ¥ to 10 V 
Voltage on Vpp supply and data out with respect to VSS...............0.20008- -1Vto6V 
SHOre CINCUIE GUEDUT CUITONE ds +. 640 ew 8c 6 he ok oo HOHE ER ERS EWE SEES Ss we DOR EH ES 50 mA 
POWE? GESOAUG: bs 66 wk ee Ede EEE AGREE HEN TE EEO SESE ER CELE E EEE KN wR DE OGE ER 1 W 
Minimum operating free-air temperature: S version. ......... 0.0.00 0c ee = 65°C 
L. WEIN. cic oka ROHS RHR TD OE KY ORE RHA ES SS OC 

Operating Case Teniperature: S VErsiON.. «1. cecs aces cae c dee cw ean eeu eaeereenwesans 110°C 
LOR x 6p eo 0.8 He hE eH THEY 84 RASS ER OOS 70°C 

Storage temperature range... .. 2... ee ~65°C to 150°C 


TStresses beyond those listed under ‘’Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. . 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 
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recommended operating conditions 


Supply voltage 


VpD 

Vss Supply voltage 
VIH 

VIL 


High-level input voltage 
Low-level input voltage (see Notes 3 and 4) 
TA Operating free-air temperature 
™ : 


bi Operating case temperature 


NOTES: 2. The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 
for logic voltage levels only. 
3. Due to input protection circuitry, the applied voltage may begin to clamp at —0.6 V. Test conditions must comprehend this 
occurrence. 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


UNIT 
MIN TYPT MAX | MIN TYPt MAX 


TEST 
CONDITIONS 


F Vou Low-level output voltage | Io. =42mA «dT ~—SSCSC~<C~S ATCC CS 
Vi = OV to 5.8 V, 
Input current (leakage) Vop = 5.5 V * 10 +10 pA 
All outputs open 
Vo = 0.4 V to 5.5 V, 
Output current (leakage) Vop = OV, +10 +10 pA 
CAS high 
laa! a Speraing current tc = minimum cycle, 
during read or write cycle All outputs open 
After 1 memory cycle, 
Ipp22 = Standby current RAS and CAS high, 
All outputs open 
tc = minimum cycle, 
Ipp3? Average refresh current CAS high and RAS cycling, 
All outputs open 
tc(P) = minimum cycle, 
Ipp4 Average page-mode current | RAS low and CAS cycling, 


All outputs open 


TAIl typical values are at Tc = 25°C and nominal supply voltages. 
+ Additional information on last page of data sheet. 
Sv, § -0.6 V. 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER CONDITIONS UNIT 
[VoL Lowsovel output voltage [To = 42 mar 


Vv; = OVto 5.8 V, 

Input current (leakage) Vop = 5.5 V, 
Output = open 
Vo = 0.4 V to 5.5 V, 

Output current (leakage) Vpop = 5 V. +10 pA 


a , 
— ¢ Average operating current tc minimum cycle a = adh 
during read or write cycle All outputs open 
After 1 memory cycle, 
Ipp2° Standby current RAS and CAS high, 
All outputs open 
te = minimum cycle, 
Ipp3 Average refresh current CAS high and RAS cycling, 
All outputs open 
tc(P) = minimum cycle, 
Ipp4 Average page-mode current RAS low and CAS cycling, 


All outputs open 


TAI typical values are at Tc = 25°C and nominal supply voltages. 
+ Additional information on last page of data sheet. 
Sy > -0.6 V. 


capacitance over recommended supply voltage range and recommended temparature range, f = 1 MHz4 


SMJ4164 
PARAMETER 
TYPt MAX 


Ci(A) Input Capacitance, address inputs 


Ci(RC) Input capacitance, strobe inputs 


Ciiw) Input capacitance, write enable input 


Ci(pD) Input capacitance, data input 


Co Output capacitance 


TAI typical values are at Tc = 25°C and nominal supply voltages. 
"These parameters are guaranteed but not tested. 


4 
TEXAS 
INSTRUMENTS 


14-516 POST OFFICE BOX 225012 © DALLAS. TEXAS 75265 
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switching characteristics over recommended supply voltage range and recommended operating 
temperature range 


ALT. SMJ4164-12 | SMJ4164-15 
PARAMETER TEST CONDITIONS UNIT 
SYMBOL MIN MAX MIN MAX 
t A time from CES aad al t 85 
ccess time trom 
a(C) see Figure 1 CAC 
|| a0 fone 


70 ns 
C; = 80 of, t = MAX, 
ta(R) Access time from RAS fs pre “RLCL tRAC 120 ns 
see Figure 1 
Output disable time C, = 80 pF, 
tdi —- t O 40 ns 
distehy after CAS high see Figure 1 Ore 


ALT. SMJ4164-20 
PARAMETER TEST CONDITIONS UNIT 
SYMBOL MIN MAX 
—— CL = 80 pF, 
ta(C) Access time from CAS tCAC 135 ns 
see Figure 1 
— Ci = 80 pF, t = MAX, 
ta(R) Access time from RAS é pee “BLCL, tRAC 200 ns 
see Figure 1 
Output disable time Ci = 80 pF, 
tdi sexieiin t O 50 ns 
dis(CH) after CAS high see Figure 1 OFF 
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timing requirements over recommended supply voltage range and recommended operating temperature 
range 


ALT. SMJ4164-12 SMJ4164-15 
PARAMETER 
SYMBOL MIN MAX MIN MAX 


=) 
n 


3 
n 


- Cc 
mA a < 
+ 


L 
, PC 
R 230 260 

: 

mod : 785 

THE 

tw(CL) Pulse duration, CAS low$ 70 10,000 85 10,000| n 

p 

DS 

AR 


Ss 
Ss 


n 


= 
” 


tRAS 120 10,000 150 10,000] ns 


iF 
n 
Cc 
O 
= 
O 
o 
Cc 
3 
m 
® 
Q 
Q 
= 
oO 
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oO 
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n n n n 


= 
n 


=] 
n 


ee? |e 
nm 1 
ec Ic 
Dio 
= [= 
<|s 
a |S 
ie ie 
Qo 1;a 
one) 
3 \3 
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oO |} ® 
a |S 
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Oo ; oO 
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Tr 
a] a 
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= 
O 
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3 
7 
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“J 
o 
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= 
ct 
i?) 
> 
a 
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th(RA) Row-address hold time 
th(RLCA) | Column-address hold time after RAS low 
thiCLD) Data hold time after CAS low 
th(RLD) Data hold time after RAS low 


=) 
n 


=) 
n 


=) 
n 


3 
n 


Cec) Roe-conmend had woe fr CXR | tae [0 
th(CLW) Write-command hold time after CAS low 
th(RLW) Write-command hold time after RAS low 
tRLCH Delay time, RAS low to CAS high 


= 
n 


= | 
n 


a 
n 


Continued next page. 
NOTE 4: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, Vip max and Viy min 
must be met at the 10% and 90% points. 

Tall cycle times assume ty = 5 ns. The recommended rise and fall times for the CAS and RAS inputs are a minimum of 3 ns and a maximum 
of 50 ns. 

+Page-mode only. 

Sin a read-modify-write cycle, tCLWL 4d tsy(WCH) Must be observed. Depending on the user's transition times, this may require additional 
CAS low time (tyw(CL)). This applies to page-mode read-modify-write also. 

Tin a read-modify-write cycle, tRLWL 2Nd tgy(WRH) Must be observed. Depending on the user’s transition times, this may require additional 
RAS low time (tw (RL))- 

I These parameters are guaranteed but not tested. 
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timing requirements over recommended supply voltage range and recommended operating temperature 
range (continued) 


ALT. 


PARAMETER 
SYMBOL 


Delay time, CAS low to W low 
(read-modify-write cycle only) 
Delay time, RAS low to CAS low 
tRLCL (maximum value specified only 


tCLWL 


to guarantee access time) 
Delay time, RAS low to W low 
(read-modify-write cycle only) 


Delay time, W low to CAS 
low (early write cycle) 


tRLWL 


tWLCL 


trf Refresh time interval 


timing requirements over recommended supply voltage range and recommended operating temperature 
range (continued) 


PARAMETER 


Page-mode cycle time 


Read cycle time! 
Write cycle time 
te(rdW) Read-write/read-modify-write cycle time 


Tawicy Pule draon, ERS igh recharge nel’ top ne 
twiRL) Pulse duration, RAS low 


tsu(RA) Row-address setup time 
tsu(D) __Data setup time 
tsu(rd) Read-command setup time 


tsu(WCH) Write-command setup time before CAS high 


tsu(WRH) | Write-command setup time before RAS high 
th(CLCA) | Column-address hold time after CAS low 


th(RLCA) Column-address hold time after RAS low 
th(CLD) Data hold time after CAS low ee ee ee 
th(RLD) Data hold time after RAS low 


Continued next page. 
NOTE 4: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, Vj_ max and Vjy min 
must be met at the 10% and 90% points. 

TAll cycle times assume tt = 5ns. The recommended rise and fall times for the CAS and RAS inputs are a minimum of 3 ns and a maximum 
of 50 ns. 

+ Page-mode only. 

3In a read-modify-write cycle, tCLWL 2nd tsy(WCH) Must be observed. Depending on the user’s transition times, this may require additional 
CAS low time (tw(CL)). This applies to page-mode read-modify-write also. 

{In a read-modify-write cycle, tRLWL 2Nd tsy(WRH) Must be observed. Depending on the user’s transition times, this may require additional 
RAS low time (tw (RL))- 
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timing requirements over recommended supply voltage range and recommended operating temperature 


range (concluded) 


PARAMETERS 


Delay time, CAS low to W low 
(read-modify-write cycle only) 
Delay time, RAS low to CAS low 
(maximum value specified only 
to guarantee access time) 

Delay time, RAS low to W low 
(read-modify-write cycle only) 
Delay time, W low to CAS 

low (early write cycle) 


These parameters are guaranteed but not tested. 


SMJ4164-20 
SYMBOL MAX 
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SMJ4164 
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PARAMETER MEASUREMENT INFORMATION 


1.01 V 


RL 
OUTPUT 
UNDER 
TEST 
TT 


FIGURE 1. LOAD CIRCUIT 


read cycle timing 
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early write cycle timing 
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write cycle timing 
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read-write/read-modify-write cycle timing 
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iming 


page-mode read cycle t 


"PSEJOIA JOU aie SUONedyIOads Bulwi} a}14M-AjIpOW-peas Pue aj14M ay} Se Huo] se Saj9A9 peal YIM Pax!Wa}Ul 8q UBD a[9A9D aIM-A}IPOWW-pedad e 10 BJDAD aIUM YY iG JLON 


TOA 
HO, qh anva Le) 
(HO)S1P) ep | (HO)S!P, 
| 
| po (9) —o 
| | 
uy, | | | 
HI | YR, SM | M 
| | ' 
a ae ae 
| | | | | | | 
(PAH), eel | | | | 0, oa | | : | 
| || | ly | | | 
2 @s 
“ 34v9 1.NOG xy Lv-0V 
|! I 
(voINS, — oly — | —_ : le (wuins, 
| | , ) ke (vorH)4, —el | 
| 
(yo19)4 
(yoro ty — eo | —— | — a 
| | | 
) | svo 
je— (19), —oy 
fe- HHO, ) (HO) $v | ee | 
| | <aaiiiaaiees eS ee i oes | ae 
Le (Hui ol , ae | 
TA | l ! 
Wu 


Hip | 
(Ty), $$ ______________+| 


TEXAS 4 


INSTRUMENTS 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


14-525 


9cS-Tl 


SLNAWNAYLSN 


$92S4 SVX31L SV11VG e@ 210622 XO8 3914340 1S0d 


— | , | VIH 
RAS | | 
Vv 
, }*— 'RLCH ) [= twiRH) “> ‘ 
i a 
a] bt | ™ | j e— tcLRH—oy | 
| fot heer wich) - 
RLCL —o —| Kets | | e— 'CHAL 
: . | Fi | be— twicL)—o Le twicts —o | 
| | | | VIH 
CAS | | 
I | | Vi 


| 
| | 
leet thicica) 
| | | 
ia | | 
— wa tsu(CA) | —1 i tsu(CA) | 


VIH 
AO-A7 
: ViL 
Bape | : : 
h( t 
| | Sti eis i i= 
[-—— thiRLW) > ' 
| t 
' h—— su(WCH) —* 
| -— tsu(WCH) — taper | 
Vet etatstatstatatatatats* { | | | VIH 
+7} | | ay DON’T CARE x 1 DON’T CARE 
WwW | Xx) XY 
0.0.9.9.9.0.0.0.0.0.0.0: ees POQYYVYY¥YYYWVYYVYYYa ik Vie 
| loo | | | 
| tw(W) be—§et- twiw) | te} twiw 
i l i | 
tsu(D) 7 boty lial aa tsu(D) > ur 
[1 | | 
| | re thiwip) | ——r th(WLD) Frnt) 
| | 
a VIH 
D DO VALID DATA 
. Vit 


| 7 a 
aaa th(CLD) be ab th(CLD) th(CLD) 
* ‘th(RLD) . 


NOTE 6: Aread cycle or a read-modify-write cycle can be intermixed with write cycles as long as the read and read-modify-write timing specifications are not violated. 
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NOTE 7:A read or a write cycle can be intermixed with read-modify-write cycles as long as the read and the write timing specifications are not violated. 
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RAS-only refresh timing 
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NOVEMBER 1985 — REVISED NOVEMBER 1989 


262,144 x 1 Organization JD PACKAGE 
(TOP VIEW) 


Single 5-V Supply 
JEDEC Standardized Pinout 


Upward Pin Compatible with SMJ4164 
(64K Dynamic RAM) 


@ Performance Ranges: 


ACCESS ACCESS READ 
TIME TIME OR 
ROW COLUMN WRITE 
ADDRESS ADDRESS CYCLE 
(MAX) (MAX) (MIN) Py BREESE 
SMJ4256-12 120 ns 65 ns 230 ns lial 
SMJ4256-15 150 ns 80 ns 260 ns 
SMJ4256-20 200 ns 100 ns 330 ns 


Long Refresh Period . . . 4 ms (Max) 


Low Refresh Overhead Time .. . As Low As 
1.3% of Total Refresh Period 


On-Chip Substrate Bias Generator 


All Inputs, Outputs, and Clocks Fully TTL 
Compatible 


3-State Unlatched Output 


Common 1|/O Capability with ‘‘Early Write’’ 
Feature 


@® Power Dissipation as Low As 
— Operating . . . 300 mW (Typ) 
— Standby... 12.5 mW (Typ) 4 Address Inputs 


Column-Address Strobe 
@ MIL-STD-883C Class B ese 
High-Reliability Processing 


No Connect 


@ RAS-Only Refresh Mode Data Out 
RAS Row-Address Strobe 
@ Hidden Refresh Mode 5 Supply 
@ CAS-Before-RAS Refresh Mode Ground 
Write Enable 
@ Full Military DRAM Temperature Range 
Operation... —55°C to 110°C 
description 


The SMJ4256 is a high-speed, 262,144-bit dynamic random-access memory, organized as 262,144 words 
of one bit each. It employs state-of-the-art SMOS (scaled MOS) N-channel double-level ploysilicon/polycide 
gate technology for very high performance combined with low cost and improved reliability. 


The SMJ4256 features maximum RAS access times of 120 ns, 150 ns, or 200 ns. Typical power dissipation 
is as low as 300 mW operating and 12.5 mW standby. 


New SMOS technology permits operation from a single 5-V supply, reducing system power supply and 
decoupling requirements, and easing board layout. IDp peaks are 125 mA typical, and a —0.5-V input 
voltage undershoot can be tolerated, minimizing system noise considerations. 


PRODUCTION DATA documents contain information 
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All inputs and outputs, including clocks, are compatible with Series 54 TTL. All address and data-in lines 
are latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility. 


The SMJ4256 is offered in 16-pin 300-mil ceramic side-braze dual-in-line and 18-pad ceramic chip carrier 
packages. It is guaranteed for operation from —55°C to 110°C. The dual-in-line package is designed for 
insertion in mounting-hole rows on 7,62-mm (300-mil) centers. 


operation 
address (AO through A8) 


Eighteen address bits are required to decode 1 of 262,144 storage cell locations. Nine row-address bits 
are set up on pins AO through A8 and latched onto the chip by the row-address strobe (RAS). Then the 
nine column-address bits are set up on pins AO through A8 and latched onto the chip by the column-address 
strobe (CAS). All addresses must be stable on or before the falling edge of RAS and CAS. RAS is similar 
to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a 
chip select activating the column decoder and the input and output buffers. 


write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the W input 
selects the read mode and a logic low selects the write mode. The write-enable terminal can be driven 
from standard TTL circuits without a pull-up resistor. The data input is disabled when the read mode is 
selected. When W goes low prior to CAS, data out will remain in the high-impedance state for the entire 
cycle, permitting common |/O operation. 


data in (D) 


Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling 
edge of CAS or W strobes data into the on-chip data latch. This latch can be driven from standard TTL 
circuits without a pull-up resistor. In an early write cycle, W is brought low prior to CAS and the data 
is strobed in by CAS with setup and hold times referenced to this signal. In a delayed-write or read-modify- 
write cycle, CAS will already be low, thus the data will be strobed in by W with setup and hold times 
referenced to this signal. 


data out (Q) 


The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fanout 
of two Series 54 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance 
(floating) state until CAS is brought low. In a read cycle the output goes active after the access time 
interval ta(C) that begins with the negative transition of CAS as long as ta(R) is satisfied. The output becomes 
valid after the access time has elapsed and remains valid while CAS is low; CAS going high returns it to 
a high-impedance state. In a read-modify-write cycle, the output will follow the sequence for the read cycle. 


refresh 


A refresh operation must be performed at least once every four milliseconds to retain data. This can be 
achieved by strobing each of the 256 rows (AO-A7). A normal read or write cycle will refresh all bits in 
each row that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, 
thus conserving power as the output buffer remains in the high-impedance state. 


CAS-before-RAS refresh 


The CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS (see parameter tcLRL) and 
holding it low after RAS falls (see parameter tRL CHR). For successive CAS-before-RAS refresh cycles, 
CAS can remain low while cycling RAS. The external address is ignored and the refresh address is generated 
internally. 
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hidden refresh 


Hidden refresh may be performed while maintaining valid data at the output pin. This is accomplished by 
holding CAS at Vi, after a read operation and cycling RAS after a specified precharge period, similar to 
a ‘‘RAS-only”’ refresh cycle. The external address is also ignored during the hidden refresh cycles. 


page mode 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
random column addresses onto the chip. Thus, the time required to set up and strobe sequential row 
addresses for the same page is eliminated. The maximum number of columns that can be addressed is 
determined by tw(RL), the maximum RAS low pulse duration. 


power-up 


To achieve proper device operation, an initial pause of 200 us is required after power up followed by a 
minimum of eight initialization cycles. 


logic symbolT 


RAM 256K x 1 


AO 20D9/21D0 
Al (7) 
(6) 
A2 
(12) 
A3 
(11) 
A4 
(10) 
A5 
(13) 
A6 
AT (9) 
(1) 
A8 
is 
(4) ty G23/[REFRESH ROW] 
RAS 24(PWR DWN] 
iS 
ae 
aT a 
[Ps 
a oe 
>) (2) (14) ral 


tT This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the JD package. 
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functional block diagram 


ROW 

32K ARRAY DECODE 32K ARRAY 
ROW 

32K ARRAY DECODE 32K ARRAY 


ROW 
ADDRESS 
BUFFERS 


(8) 


10 : 
BUFFERS 
a0 COLUMN DECODE 1 of 4 
wy J Sete 
i we 0 
re COLUMN 
A3 ADDRESS 
A4 BUFFERS 
AS 
AG 
AT 
AB 
absolute maximum ratings over operating temperature range (unless otherwise noted) Tt 
Voltage range for any pin, including Vpp supply (see Note 1).................... -1Vto 7 V 
Sort GICHIT GULDUE CUNGIE << cds coc eee Sree ESE EEE KONE E EER Ewe OER OO 50 mA 
POWES CIBSIGAUGN 25.2 ccc ee eK HOON ORE OO ERG EDD OER RSE OO Re ee 1 W 
Minimum operating free-air temperature... 2... ee —§5°C 
ONerating GCOSE TEINDETSUING «iu cack eR REE ERR E THK EK RR EE 170°C 
Storage TEMperatile PANGS. «cd ae cd rede ees De eee S EEE Oe E RD ETRE DES ~65°C to 150°C 


tStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions”’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions . 


NN axl 
[Ves Supply votage——SsS—C~“S*S*S*C“‘“‘SCSCSCSCSC“‘“‘CSSC“‘NNSNSNNNNN 
F 0.8 


Vib Low-level input voltage (see Note 2) 
TA Operating free-air temperature 
Té Operating case temperature 110 


NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as maximum, is used in this data sheet for 
logic voltage levels only. 


V 
V 
V 
V 
C 
i 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


TEST 
PARAMETER 
CONDITIONS 


VOL Low-level output voltage lol = 4.2 mA 


Vi = OV to 5V, Vpp = 5.25 V, 
I Input current (leakage) 
Output open 
Vo = OVto 5.5 V, 
lo Output current (leakage) nee? ack 
Vpp = 5.25 V, CAS high 
; Average operating current te = minimum cycie, 
DD! during read or write cycle Output open 
After 1 memory cycle, 
lpp2 Standby current RAS and CAS high, 
Output open 
te = minimum cycle, 
IDD3 Average refresh current RAS cycling, CAS high, 
Output open 
tc(P) = minimum cycle, 
Ipp4 Average page-mode current RAS low, CAS cycling, 
Output open 


TEST 
PARAMETER 
CONDITIONS 


VOH High-level output voltage IOH = -—5mMA 
Vou _towsevel output voltage | lo. = 4.2 mA 


Vj = OVtO SV, 
Input current (leakage) Vop = 5.25 V, , +10 +10 uA 
Output open 


Vo = OVto 5.5 V, 
lo Output current (leakage) Vpop = 5.25 V, de +10 uA 
CAS high 
Average operating current te = minimum cycle, 
IDpD1 ania: : . 7 5 60] mA 
during read or write cycle Output open 


4 
e) 
60 5 
After 1 memory cycle, 
IDD2 Standby current RAS and CAS high, 209 5 2:5 5 mA 
Output open 
te = minimum cycle, 
IDD3 Average refresh current RAS cycling, CAS high, 45 60 35 45 mA 
Output open 
tc(P) = minimum cycle, 
Ipp4 Average page-mode current RAS low, CAS cycling, 35 50 25 45 mA 
Output open 


TAIl typical values are at Ta = 25°C and nominal supply voltages. 


43 
TEXAS 
INSTRUMENTS 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 14-533 


SMJ4256 
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORY 


Cj(a) Input capacitance, address inputs 


Ci(p) Input capacitance, data input 

Ci(RC) Input capacitance, strobe inputs 
Ci(w) '!nput capacitance, write enable input 
Co Output capacitance 


TAIl typical values are at Ta = 25°C and nominal supply voltages. 
+Vcc equal to 5.0 V and the bias on pins under test is 0.0 V 


switching characteristics over recommended supply voltage range and operating a range 


| SMJ4256-12 12 
PARAMETER TEST CONDITIONS $ oa “MIN MAX | UNIT 
t > MAX, C 80 pF, 
ta(C) Access time from CAS ou 5 mA, | _ 4.2 “ ey 
OH mA, lOL = m 
t = MAX, C; = 80 pF, 
OH = —~9™MA, loL = 4.2m 
a Output disable time Ci = 80 pF, IoH = -5 MA, ; 0 30 = 
dis(CH) after CAS high lol = 4.2 mA re 


t > MAX, C 80 pF, 
ta(C) Access time from CAS RLCL = L. = p 
loo = —5mMA, Io_ = 4.2 mA 


t MAX, C 80, pF, 
ta(R) Access time from RAS RLCL = = p 


IOH = —5MA, Ilo_ = 4.2 MA 


Output disable time CL = 80 pF, Ion = —5 mA, 
tdis(CH) ATE 1: 7 tOFF 0 30 
after CAS high lol = 4.2 mA 


8 Figure 1 shows the load circuit; C_ values shown are typical for test system used. 
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timing requirements over recommended supply voltage range and operating temperature range 


SMJ4256-12 
SYMBOL 


A 
te(P) Page-mode cycle time (read or write cycle) | -eeee 
t 


c 
= 
= 


LT, 
- tpc 
tc (PM) Page-mode cycle time (read-modify-write cycle) t n 
tclw) _ Write oycle time [we iC” 
tc(rdW)___Read-write/read-modify-write cycle time! Pawo) 
tRP 
WP 
tps 


, 30 n 
30 n 
F rar) n 
ion, CAS 50 n 
CPN 25 : 
n 
: n 

ion, RAS n 

ion, RAS , n 

6) n 

n 

n 

3 n 

Ss n 

n 

O n 

O n 

20 n 


tsu(CA) Column-address setup time tasc | @¢ | 
teu(Raa) __ Row-address setup time 


isu(O)___Data setup time [bs 
tsulid) _Read-command setup time 


tw (RH) Pulse duration, RAS high (non-page mode) tRPN 
tsu(WCL) Early write-command setup time before CAS low /  ltwes ids 


2 
2 
= i 2 
twiRL) Pulse duration, RAS low 120 10,000 
iW) Write pulse duration 
i 4 
i 4 


tsu(WCH) Write-command setup time before CAS high 
tsu(WRH) | Write-command setup time before RAS high 


thiCLCA) _Column-address hold time after CAS low Pp tcan | 
Ui Mima le RUA 


th(RLCA) | Column-address hold time after RAS low 
‘sien Mat held tine after GAS tows 
‘DH 


ns 
Ss 
S 
Ss 
S 
S 
Ss 
Ss 
Ss 
S 
S 
S 
Ss 
Ss 
Ss 
Ss 
S 
S 
S 
Ss 


= 
th(WLD) Data hold time after W low Cee 
ptr 


th(CHrd) Read-command hold time after CAS high tRCH 


th(RHrd) Read-command hold time after RAS high 
thiCLW) Write-command hold time after CAS low 
th(RLW) Write-command hold time after RAS low 


Continued next page. 
NOTES: 3. Timing measurements are referenced to Vii max and Vj} min. 
4. System transition times (rise and fall) for RAS and CAS are to be a minimum of 3 ns and a maximum of 50 ns. 

TAIl cycle times assume ty = 5 ns. 

tin a read-modify-write cycle, tc_ yw and tsu(WCH) Must be observed. Depending on the user’s transition times, this may require additional 
CAS low time (tw(CL)). This applies to page-mode read-modify-write also. 

8in a read-modify-write cycle, tRLWL 4nd tsy(WRH) Must be observed. Depending on the user's transition times, this may require additional 
RAS low time (tw (RL)): 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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timing requirements over recommended supply voltage range and operating temperature range 
(continued) 


tRLCHR _ Delay time, RAS low to CAS high! 
(read-modify-write cycle only) 
Delay time, RAS low to CAS low 
tRLCL (maximum value specified only 


to guarantee access time 


Delay time, RAS low to W low 


t t lee ns 
RLWL (read-modify-write cycle only) RWD 


Continued next page. 
NOTE 3: Timing requirements are referenced to Vj, max and Vjy min. 
\CAS-before-RAS refresh only. 
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timing requirements over recommended supply voltage range and operating temperature range 


(continued) 
SMJ4256-15 ere 


Ns 


Read cycle time t 


Write nyels timet —— 


3] 5 
nn 


a] 
n 


a 
n 


Early write-command setup time 
before CAS low 


tsu(WCH) | Write-command setup time before CAS high 


| 
n 


tsu(WCL) 


= 
n 


tsu(WRH) | Write-command setup time before RAS high 


=| 
n 


=| 
n 


th(CLCA) | Column-address hold time after CAS low 
th(RA) Row-address hold time 


th(RLCA) | Column-address hold time after RAS low 
thiCLD) Data hold time after CAS low 

th(RLD) Data hold time after RAS low 

th(WLD) Data hold time after W low 


=) 
1/2) 


th(CHrd) Read-command hold time after 


=) 
n 


12 
= % 
= 
172) 


th(RHrd) Read-command hold time after 


& 
= i 


th(CLW) Write-command hold time after 


= 


B 


th(RLW) Write-command hold time after RA 


UNIT 


Continued next page. 
NOTES: 3. Timing measurements are referenced to Vj, max and Vjy min. 
4. System transition times (rise and fall) for RAS and CAS are to be a minimum of 3 ns and a maximum of 50 ns. 

TAIl cycle times assume ty = 5 ns. 

tin a read-modify-write cycle, tCLWL 4nd tsu(WCH) Must be observed. Depending on the user’s transition times, this may require additional 
CAS low time (tw (CL)). This applies to page-mode read-modify-write also. 

8in a read-modify-write cycle, tri wi and tsu(WRH) Must be observed. Depending on the user’s transition times, this may require additional 
RAS low time (tw (RL))- 
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timing requirements over recommended supply voltage range and operating temperature range 


(concluded) 
SMJ4256-15 SMJ4256-20 
UNIT 
00 


aNNUne 
SYMBOL 


‘ Delay time, CAS low to W low ; 85 a 
CLWL (read-modify-write cycle only) =e 


Delay time, RAS low to CAS low 
tRLCL (maximum value specified only 


to guarantee access time) 


Delay time, RAS low to W low 


t t 155 190 ns 
coals (read-modify-write cycle only) ila 


NOTE 3: Timing measurements are referenced to Vj_ max and Vjy min. 
{CAS-before-RAS refresh only. 


PARAMETER MEASUREMENT INFORMATION 


lOH/IOL 
OUTPUT 
UNDER TEST 


FIGURE 1. EQUIVALENT LOAD CIRCUIT 
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read cycle timing 


Wop | ee 


I | 
. tw(Rt) ———>} 7 
| | VIL 


RAS | 
—+ le— tt }o——— tcLRH ———®_ — tw(RH) > 
| ~— tRLCL —}e— tw(CL)—_——> “u~ tCHRL —o| 
ke——— tRicH 
| | l —»| tt 
on | VIH 
CAS | | | 
| +I | ViL 
—>| fe tourna) - i — twich —*] 
| le—— thirtca) —o | 
tray] le— | | 
by! —r| It tsuica) | J 
A IH 
RRRXRN DON'T. CARE Koon 
—* BK COLUMN EY YRRRDON'T CARE XXXX) a 
| | | | | I 
th(RHrd) 
| | be—el— thicica) | . | “or 
t 
| —el le tented) ke —*t— thictra) 
Vv 
™ é | a iy 
| = | 
| tac) —*| 
| l —| tdis(CH) 
| VOH 
Q HI-Z 
| VOL 


ja ———————~ t4() ——e 


i 
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early write cycle timing 


ee |) aan 


| 
[ee By a 
| 


P°) 
172) 


—> P= tt | fein : | -e- twiRH) 


| L~— tRLCL — tCHRL 


| ~—————trcH ——___—+| {' 
‘<—— 


jeo——— tw (CL) ———>j ; 
| | 


3 
> 


| 
tana | a I~ tsu(ca) l i 


}*—— thiRLCA) ——> | 
tina) tol | , fp thicical ) . 


A0-A8 


( 
tsu(WCL) —>I ‘— I | 
| be——— two} ——> | 


[*———— tsutwro) ———> 
fir ——_— 


l | | —tnicLw) a 


ss XXX SVJ \/ ¥¥ Vatelatay, XXX XY | COCO. 
W YQ DON'T CAREY | | XY 
| rm 
{ 
| ke— thicto) —o4 
— thRLD) + 
D Wy DON’T CARE OY | VALID DATA 
i] 
4 tsu(D) 
Ch Sta nee anersnntnn merarenmn sncicamnanameeranammaaasaememmes tna cmee fx | 7 
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write cycle timing 


ie 

| | 

| wir) ————>} | | 
| | 

| | 

—| pe to RH pin 

| ke— tric. —> le—tcur. —>| 


eT. ene | 
| be tw(cL) ——> 4 


P°) 
> 
n 


A 


oO 


I | 

| | 

tsuiRA) too | ie I~ tsuica) | f*—— twice) —— 
| k*—— thintca) —> —o| le— t; 

NEA | hep-th thicica) | | 


A0-A8 


| | ke tguiweoH) —4 | I 


{|  '—tsuiwrey)——Y 
_— CA erent 
—— thicLw) —w 
XXXKKXS Vat aVatsrtetal alata, XY XXX XX COCOE POTOU "0'9'6''0'6'6 
SRR DONT CARE SRNXK ASN DON'T CARE RRSAKE 
| | pe twiw—y 


| . I thiwLD) > 
| | 


=| 


YY YX CARAARAAAAAA YYXYY) N 
FN ee aR KY 
a 
“iw 
i 


--— tent —>| leet taisicH) 


CCCCCES LAA/ ae \AAAA/ XXKXKKKKX 
XY, DON'T CARE DON'T CARE XY 


ViH 
VIL 


VIH 


VIL 


VIH 


VIL 


VIH 


VIL 


TThe enable time (ten) for a write cycle is equal in duration to the access time from CAS (ta(C)) in a read cycle, but the active levels at 


the output are invalid. 
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read-write/read-modify-write cycle timing 


—$$—$—__—_—_—— twirt, ———4 VIH 


RAS l | 
| | VIL 
ab. je tc.a ————+ le twin)» 
| 
| le tL yg tic) ke— tcHrL—> 
|: 7 | I ns 
CAS | | | | 
| | | vee LY Vit 
; 
le thirica) +l | He — wich —* 
| f+ trina) Je—et tnictcar | 
= be tsui(RA) al tsu(CA) | 7 
Vy \AKAAKAAAAAAAAAAAAAAAAAAAAAAAAAA? 1H 
AO-A8 OX XXX KK XXX ) : OXOX XXX KX KX } 
: oT CARE KX KXLY " 
| tsutrd) fo | be—tsuiwcH)—>4 II 
| : | [> tsuwaH —* 
| | | , 
| | e— tcrw. —>I l ; 
9,9,9,9,9,9,9,9,9,9,9,9,9,0,0,0,8,— 64.4% 9,9, 1H 
0 ee QO AAAAANAAAAAR yy 
> Wee eOR x ou 
WIAA err Kn) uy Vit 
| 
| VOH 
Ce HZ 
| VOL 
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SINAWNUYLSN 


tie SVX4] 


cinema, tw(RL) 


| 
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. }*#——— RCH 
i Le ty jo———_—_——tc iP} or 
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1 | be —twict) —e , wiCL) —>| 
_ | 


| | 

= — , leet thicica) . ee thicica) ) 
| fo thiRLCA) —o l | 

| ) 


| 
ills ar ape st [fe -tsucay 
1 
J 


¥ ¥ CA} \A 
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' EE Y 


A0-A8 


| ote tui | 


| | 
| | | 
| | | 
ann a 
| a tsu(rd) rr — el 
| 


=| 


a 


| ViH 


| , | VIL 
l | la ec ll 
+ tcra—oy | | 
| 


| i tCHRL—> 
ke—twicl) = | | 
| | 


VIH 


VIL 


| 
| | | 
| le—et-thicical ) | 
| : | | 
males ) | 


VIH 


VIL 


| | | 
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tsu(rd) 


VIH 


ViL 
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VOH 


VOL 
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NOTE 5: A write cycle or a read-modify-write cycle can be intermixed with read cycles as long as the write and read-modify-write timing specifications are not violated. 
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NOTE 6: A read cycle or a read-modify-write cycle can be intermixed with write cycles as long as read and read-modify-write timing specifications are not violated. 
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NOTE 7: A read or a write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications are not violated. 
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RAS-only refresh cycle timing 


i 
| roy a 
| 


VIH 
— COCCCCree” 
CAS, | Ry 
t OO? 
beet h(RA) XYYYYYS Vi 
Jeottsuinal 
| 
AAA A/ \AAAA) 
A0-A7 XX AY DON'T CARE XXX) 
Pe antes 
VOH 
Q HI-2 
VOL 
hidden refresh cycle timing 
[o> MERON CYCLE ——o }e-—— REFRESH CYCLE —— 
| e-—— REFRESH CYCLE —— | 
ade ak poner tify | 
| | | | | 
| | | | VIH 


? V9, VeVeleVatatstslalatslalalValatavavAtal, 
xX) COA UcaC Menace enacenen 
¢ LKR KX LKR) 
Vx ys PAA XKA AKAD yy 


ADA AAALAA | lg- taic) AA AA SA AAA . 
le — el tdis(CH) }- 


VOH 
Q VALID DATA 
VOL 


4s 
TEXAS 
INSTRUMENTS 


14-546 POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


SMJ4256 
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORY 


automatic (CAS-before-RAS) refresh cycle timing 
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65,536 x 4 Organization 


Dual-Port Accessibility — Four I/Os for 
Sequential Access, Four !/Os for Random 
Access 


One Serial Data Register Built into Each 
Serial I/O for Sequential-Access Applications 


Designed for Video and Non-Video 
Applications 


Fast Serial Ports . . . 20-MHz Shift Rate 


Mid-Scan Load — Serial Data Streams 
Uninterrupted by Register Reload 


TRG as Output Enable Allows Direct 
Connection of DQ and Address Lines to 
Simplify System Design 


Random-Access Port is Compatible with the 
SMJ4464, 64K x 4 DRAM 


Supported by TI’s SMJ34061 Video System 
Controller and SMJ34010 Graphics System 
Processor (GSP) 


3-State Serial 1/Os Allow Easy Multiplexing 
of Video Data Streams 


Maximum Access Time from RAS 
... 150 ns 


Minimum Cycle Time (Read or 
Write)... 260 ns 


Long Refresh Period ... 4 ms 


Low Refresh Overhead Time. . . As Low As 
1.3% of Total Refresh Period 


All Inputs, Outputs, Clocks Fully TTL 
Compatible 


3-State Unlatched Random-Access Outputs 


Common Random-Access I/O Capability 
with ‘’Early Write’’ Feature 


Available Temperature Ranges with 
MIL-STD-883-C Class B 
High-Reliability Processing: 
—S...-—55°C to 110°C 
—L...0°C to 70°C 


SM/SMJ4461 
262,144-BIT MULTIPORT VIDEO RAM 


MAY 1988 


JD PACKAGE 
(TOP VIEW) 


Address Inputs 
Column-Address Strobe 
Random-Access Data In/ 
Data Out/Write-Mask Bit 
Row-Address Strobe 
Serial Data Clock 

Serial Data In/Data Out 
Serial Enable 


Transfer Register/ 
Q Output Enable 
5-V Supply 
Ground 
Write-Mask Select/ 
Write Enable 


JEDEC Standardized Pinout 


High-Speed Page-Mode Operation for Faster 
Access 


CAS-Before-RAS Refresh and Hidden 
Refresh Modes 


Low Power Dissipation 


24-Pin, 400-Mil Dual-In-line Package 


description 


The SMJ4461 is a high-speed dual-ported 65,536 x 4 bit dynamic random-access memory with on-chip 
data registers. The two ports are the random-access port and the sequential-access port. The random- 
access port makes the memory appear to be organized as 65,536 words of four bits each, similar to the 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 


Copyright © 1988, Texas Instruments Incorporated 
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SMJ4464. The sequential-access port is interfaced to four internal 256-bit dynamic data registers which 
make the memory appear to be organized as 256 four-bit words of up to 256 bits each which are accessed 
serially. 


The 256K Multiport Video RAM employs state-of-the-art scaled NMOS, double-level polysilicon/polycide 
gate technology for very high performance combined with low cost and improved reliability. 


The SMJ4461 features full asynchronous dual-port accessibility except when transferring data between 
the data register and the random-access memory. 


The refresh period is four milliseconds, and during this period each of the 256 rows must be strobed with RAS 
in order to retain data. CAS can remain high during the refresh sequence to conserve power. Note that 
the transfer of a row of data from the memory array to the data register also refreshes that particular row. 
CAS-before-RAS and hidden refresh modes are also available. 


All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address lines and data 
in are latched on-chip to simplify system design. All data outs are unlatched to allow greater system 
flexibility. 


The 256K Multiport Video RAM is offered in a 24-pin dual-in-line ceramic package and is guaranteed for 
operation from —55°C to 110°C. Packages are designed for insertion in mounting-hole rows on 10,16-mm 
(400-mil) centers. 


functional block diagram 
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random port to serial port interface 


The 256K Multiport Video RAM consists of a 64K x 4 DRAM port and a 256 x 4 serial port. Each of 
the four random (DRAM) I/Os is interfaced to a 256-bit data register, which can be loaded with 256 bits 
in parallel from any row in that I/O channel's memory and then read out sequentially, starting from one 
of 256 selectable locations along the data register. Conversely, each of the four data registers can be 
loaded serially with data from the serial input (SD) and subsequently transferred, 256 bits in parallel, into 
any row of memory for each respective DRAM 1/O channel. 


block diagram showing one random and serial interface 


j2——————256 COLUMNS—————# 


Da : 7 
{COL COL | 
lo 255 | 

MEMORY ARRAY 
65,536 BITS 
SG 256 
— TRANSFER 
TRG pear TRANSFER PASS GATES 
RAS 


256 


CAS 
256-BIT DATA REGISTER 
256 
SC SERIAL 
8 ADDRESS SERIAL DECODER/MUX | 4 


SERIAL 
SG MODE 
CONTROL 


SDQ 


random-access address space to sequential-address space mapping 


The 256 bits in each of the four data registers correspond to the 256 column locations of each of the 
four random I/Os. Data can be read out of the registers starting at any of the 256 data register bit locations. 
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This tap location is selected by addresses A7 through AO on the falling edge of CAS during a transfer 
cycle between the memory array and the data registers. All registers are read out starting from the selected 
tap point proceeding from the least-significant bits to the most-significant bits. The four data registers 
are configured as circular data registers when reading their contents to the serial outputs. After the most- 
significant bit (bit 255) is read out of each register, the next bit read will be bit OO (see explanation under 
section entitled ‘’serial data input/output”’). 


Note that if column address bits A7 through AO equal OO during the last memory-to-register transfer cycle, 

a total of 256 bits can be sequentially read out of each of the four data registers starting from bit position OO. 
operation 

random-access operation 


transfer register select (TRG) 


The TRG selects either register transfer or random-access operation as RAS falls. To use the SMJ4461 
in random-access mode, TRG must be held high as RAS falls. This causes the 256 storage elements of 
each data register to remain disconnected from the corresponding 256 bit lines of the memory array. If 
serial data is to be written in or read out of the data registers, the data registers must be disconnected 
from the bit lines. Holding TRG low as RAS falls enables the 256 switches that connect the data registers 
to the bit lines and indicates that a transfer will occur between the data registers and the selected memory 
row. 


random output enable (TRG) 


During random-access operations, TRG functions as an output enable for the random outputs after the 
read access times have been satisfied (if this is a read cycle). Whenever TRG is held high, the Q outputs 
will be in the high-impedance state. This feature removes the possibility of an overlap between data on 
the address lines and data appearing on the O outputs, making it possible to connect the address lines 
to the data I/O lines — although use of this organization prohibits the use of the early write cycle. It also 
allows read-modify-write cycles to be performed by providing a three-state condition to the common 1|/O 
pins to allow write data to be driven onto the pins after output read data has been externally latched. 


address (AO through A7) 


Sixteen address bits are required to decode one of 65,536 storage cell locations. Eight row-address bits 
are set up on pins AO through A7 and latched onto the chip on the falling edge of RAS. Then the eight 
column-address bits are set up on pins AO through A7 and latched onto the chip on the falling edge of CAS. 
All row and column addresses must be stable on or before the falling edges of RAS and CAS respectively. 
RAS is similar to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS 
is used as a chip select, activating the device input and output buffers. CAS is also used to strobe the 
column address into the memory. 


write-mask enable (WE) 


The WE pin selects the random-mode write-mask option. The SMJ4461 random port is equipped with 
two modes of write operations. If WE is held low on the falling edge of RAS (during a random access 
operation), the write mask is enabled. Accordingly, a 4-bit binary code (the mask) is input to the device 
via the random D/Q pins and is also latched on the falling edge of RAS. This binary pattern determines 
which of the four DRAM I/Os will will be written into on that access and which DRAM 1/Os will not. Thus, 
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after RAS has latched the write mask on chip, input data is driven onto the DQ pins and is latched on the 
falling edge of the latter of CAS or WE (for early write operation, WE can remain low for the entire 
RAS low period). If a O was strobed into a particular |/O pin on the falling edge of RAS, then the write 
circuits for that particular !/O will be defeated and data will not be written to that I/O. If a 1 was strobed 
into a particular I/O pin on the falling edge of RAS, then the write circuits for that particular I/O will not 
be defeated and data will be written to that I/O. See the corresponding timing diagrams for details. 


Important: The mask operation is selected only if WE is held low on the falling edge of RAS. If WE is held 
high on the falling edge of RAS, the mask is not enabled and the write operation is identical to 
standard x 4 DRAMs, with all four I/Os being written by the data appearing on the DO pins when the 
latter of WE or CAS is brought low. Thus, if it is not desired to use the mask function, then a standard 
DRAM timing interface can be used. 


WRITE MASK FUNCTION TABLE 


1 Write enabled at DQ01-DQ4 


1 
1 O Write to DO enabled 
O 


1 Write to DQ disabled 


NOTE 1: The logic states in the table above are assumed valid on the falling edge of RAS. 
write enable (WE) 


The read or write mode is selected through the write-enable (WE) input. A logic high on the WE input 
selects the read mode and a logic low selects the write mode. The write-enable terminal can be driven 
from standard TTL circuits without a pull-up resistor. The data input is disabled when the read mode is 
selected. When WE goes low prior to CAS, data out will remain in the high-impedance state for the entire 
cycle. 


data I/O (DQ1-DQ4) 


Memory data is written during a write or read-modify-write cycle. The falling edge of WE strobes data 
into the on-chip data latches. These latches can be driven from standard TTL circuits without a pull-up 
resistor. In an early write cycle, WE is brought low prior to CAS and the data is strobed in by CAS with 
data setup and hold times referenced to this signal. In a delayed-write or read-modify-write cycle, CAS 
will already be low. Thus, the data will be strobed in by WE with data setup and hold times referenced 
to this signal. The three-state output buffers provide direct TTL compatibility (no pull-up resistors required) 
with a fanout of two Series 74 TTL loads. Data out is the same polarity as data in. The outputs are in 
the high-impedance (floating) state as long as CAS or TRG is held high. Data will not appear at the outputs 
until after both CAS and TRG have been brought low. 


Once the outputs are valid, they will remain valid while CAS and TRG are low. CAS or TRG going high 
will return the outputs to a high-impedance state. In an early write cycle, the outputs are always in the 
high-impedance state. In a delayed-write or read-modify-write cycle, the outputs will follow the sequence 
for the read cycle. In a register-transfer operation (memory-to-register or register-to-memory), the outputs 
remain in the high-impedance state for the entire cycle, regardless of transitions on CAS or TRG. 


write mask bits (DQ1-DQ4) 


When the write mask is enabled (WE low on the falling edge of RAS), the write mask bits determine which 
DRAM I/Os are to be written and which of the DRAM I/Os will have their write operations internally defeated. 
The states of the write mask bits are latched on-chip on the falling edge of RAS and selectively 
control the internal write enable circuits of each corresponding DRAM 1/O. If the write mask is not enabled 
(WE high on the falling edge of RAS), then no write enable circuits will be defeated and data appearing 
at the DO1-DQ4 pins on the falling edge of RAS will be ignored. See timing diagrams and the table under 
‘'write mask enable (WE)’’ for details. 
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refresh 


A refresh operation must be performed to each row at least once every four milliseconds to retain data. 
Since the output buffer is in the high-impedance state unless CAS is applied, the RAS-only refresh sequence 
avoids any output during refresh. Strobing each of the 256 row addresses with RAS causes all bits in 
each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 
Note that the data registers are dynamic storage elements and that the data held in the registers will be 
lost unless SC is clocked two times or else the data is reloaded from the memory array. See specifications 
for maximum register retention times. 


CAS-before-RAS refresh 


CAS-before-RAS refresh is accomplished by bringing CAS low earlier than RAS (see parameter tCLRL). 
The external row address is ignored and the refresh address is generated internally. 


column-address strobe (CAS) 
The CAS input latches the column addresses on-chip and also functions as an output enable for D01-DQ4. 
power up 


After power up, the power supply must remain at its steady-state value for one millisecond. In addition, 
RAS must remain high for 100 us immediately prior to initialization. Initialization consists of performing 
eight RAS cycles and one memory-to-register transfer cycle with an SC cycle following the rising edge 
of TRG before proper device operation is achieved. 


sequential-access operation 
transfer register select (TRG) 


Memory operations involving parallel use (i.e., transfer from memory to data register or data register to 
memory) of the data register are invoked by bringing TRG low with the address lines AO-A7 before RAS 
falls. This enables the switches connecting the 256 elements of each data register to the 256 bit lines 
of each DRAM I/O. The states of WE and SG, which are also latched on the falling edge of RAS, 
determine whether the 256-bit data transfer will be from the memory array to the data registers or from 
the data registers to memory array, as well as determining if the SDQs are in read or write mode (see 
‘transfer operation logic table’’). 


Note that the state of TRG is latched on the falling edge of RAS just like a row address to select the mode 
of operation. During read or read-modify-write cycles, TRG functions as output enable after CAS falls. 


transfer write enable (WE) 


In register transfer mode, WE determines whether a transfer will occur from the data registers to the 
memory array, or from the memory array to the data registers. To transfer data from the data registers 
to the memory array, WE and SG are held low as RAS falls. If SG were to be high during this transition, 
then no transfer of data from the data register to the memory array would occur, but the SDQs would 
be put into the write mode. This would allow serial data to be written into the register. To transfer from 
the memory array to the data registers, WE is held high and SG is a don’t care as RAS falls. This cycle puts 
the SDQs into the read mode, thus allowing serial data to be read out of the data register. Note that WE 
and SG setup and hold times are referenced to the falling edge of RAS for this mode of operation (see 
‘transfer operation logic’’ table). 


row address (AO through A7) 


Eight address bits are required to select one of the 256 possible rows involved in the transfer of data to 
or from the data registers. (The states of AO-A7, WE, TRG, and SG are latched on the falling edge of RAS). 
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register column address (AO through A7) 


To select one of the 256 positions along each of the four data registers from which the first serial data 
will be read out, or to which the first serial data will be written, the appropiate 8-bit column address (AO-A7) 
must be valid when CAS falls during the appropriate transfer cycle. 


serial data clock (SC) 


Data is written in or read out of the data registers on the rising edge of SC. This makes it possible to view 
the data registers as though they were made of 256 positive-edge-triggered D flip-flops connected D to 
Q (not to be confused with the DO random 1|/O pins of the SMJ4461). The SMJ4461 is designed to work 
with a wide range duty cycle clock to simplify system design. 


serial data input/output (SDQ1-SDQ4) 


SD and SQ share a common |/O pin. Data is written in when SG is low during write mode and data is 
read out when SG is low during read mode (see ‘'transfer operation logic table’’). Note that when the 
serial address counter reaches its maximum value of 255, it is reset back to OO with the next positive 
transition of SC. This allows data to be read out in a continuous loop. 


block diagram of one serial I/O 
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256 


sc SERIAL 
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AO-A7 COUNTER 
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serial enable (SG) 


The serial enable pin has two functions. First, it is used on the falling edge of RAS, with both TRG and 
WE low. If SG is low during this transition, then a register-to-memory transfer will occur. On the other 
hand, if SG were to be high as RAS falls, then a write-mode control cycle will be performed. The function 
of this cycle is to switch the SDQs from the output mode to the input mode, thus allowing serial data 
to be written into the data register. Second, SG is used as a SDQ enable/disable. In the write mode, SG 
is used as an input enable. SG high disables the input, and SG low enables the input. To take the device 
out of the write mode and into the read mode, a memory-to-register transfer cycle must be performed. 
The read mode allows data to be read out of the data register. SG high disables the output and SG low 
enables the output. Note that the serial address counter will be incremented on each SC cycle regardless 
of the state of SG. 


TRANSFER OPERATION LOGIC TABLE 


Register-to-memory transfer 


Write-mode enable 


Memory-to-register transfer 


NOTE 2: The logic states in the table above are assumed valid on the falling edge of RAS. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)? 


Voltage range for any pin except Vpp and data out (see Note 3) ................ -—1.0V to 7 V 
Voltage range for Vpp supply with respect to VSS ............00 00 eee eee -1Vto7V 
Voltage range for data out with respect to VSS..............002-0000 88 —-1Vto Vpp + 0.3 V 
Short circuit output Current per output .......... 20.0.0... 0. cc eee 50 mA 
Pe, CISSIOMUGN 5 ox 6.5 Ox 6 OEE EE GE EH ER ERA SOO se HOw EE BO EEO USES ESE SORE EED ORGS ERE 1 W 
Operating temperature range .......... 2... 0. cee ee ee ~55°C to 110°C 
Storage temperature range ......... 0... ce eee ~65°C to 150°C 


tStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions”’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 3: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 


NOM max | 
SS 

All inputs except SC 
Sc 
[Vit__Low-level input voltage (seo Nowe) ——~OSC~C~“‘“S*S*S*S*S*S“~‘“*S*S*“‘“S*SC~‘“d*CSSCSC“‘ 
[Ta Operating free-air temperature ———=—SCSC~“S*S*~“‘SCSC“~*~“~“<“<CS*srC 


NOTE 4: The algebraic convention where the more negative (less positive) limit is designated as minimum is used in this data sheet for 
logic voltage levels only. 


ViH High-level input voltage 
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electrical characteristics over full range of recommended operating conditions (unless otherwise noted) 


TEST 1-4 
PARAMETER es UNIT 
CONDITIONS MIN TYPT MAX 


Vor Low-level output voltage | lol=42mASSSC~—CSSSSSSSSCSSSC“‘CS OL VY 
Vo = 0.4 V to 5.5 V, Vpp = 5 V +10 


Average operating current 


Ipp1 during read, write or transfer Mininum cycle time, No load on DQ and SDQ pins 


cycle (serial port in standby) 
Standby current After 1 memory cycle, RAS, CAS, SC, and SG = 2.4 V, 
IDD2 15 20 mA 
(total, both ports) No load on DQ and SDQ pins 
' a Minimum cycle time, RAS < 0.8 V, CAS => 2.4 V, AS 15 i 
verage refr urr 
DD3 ¥ No load on DQ and SDOQ pins oe 


Average page-mode current Minimum cycle time, RAS < 0.8 V, CAS cycling, 
IDD4 35 60 mA 
(serial port in standby) No load on DQ and SDQ 


Average current with 


tc(Sc) = MIN, RAS and CAS 2 2.4 V, 
; — No load on DQ and SDQ pins 
and register shifting 


Minimum cycle time on both ports, 
Ipp6 Worst case average current 
No load on DQ and SDQ pins 


TAIl typical values are at Ta = 25°C and nominal supply voltages. 


IDD5 Memory array in standby 


capacitance at 25°C with nominal supply voltage, f = 1 MHz 


PARAMETER+* 


Co Output capacitance 


+Capacitance data collected for major design or process changes only. 


switching characteristics over recommended supply voltage and operating free-air temperature ranges 
(see Figure 1) 


TEST ALT. SMJ4461-1 
PARAMETER | ALT._| : UNIT 
CONDITIONS 


ta(C) Access time from CAS Ci = 80pF, trict = MAX | tcac | 75 | ons 
ta(R) Access time from RAS Cy = 80 pF, tric. = MAX 


ta(TRG) Access time of DO from TRG low CL = 80 pF 
ta(SC) Access time of SQ from SC high Ci = 80 pF 


ta(SG) | Access time of SQ from SG low CL = 80 pF 
tdis(CH) Random-output disable time from CAS high CL = 80 pF 
tdis(TRG) Random-output disable time from TRG high C, = 80 pF 


tdis(SG) | Serial-output disable time from SG high C_ = 80pF 
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timing requirements over recommended supply voltage and operating free-air temperature ranges 


SMJ4461-15 


SYMBOL 


te(rd) Read cycle time! 26 
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tac 260 
26 


te(rdwP) Page-mode read-write/read-modify-write cycle time 230 
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tw(W) | Write pulse duration 
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tsu(CA) Column-address setup time 
tsu(RA) Row-address setup time 


tsu(RW) WE setup time before RAS low with TRG low (register transfer cycles) —— 


tsu(DQ) DQ setup time before RAS low with TRG high (random access, write mask select) 


tsu(TRG) TRG setup time before RAS low eae 
SG setup time before RAS low with TRG and WE low | {| @ . | 


Continued next page. 
NOTES: 5. Timing measurements referenced to Vj, max and Vip min. 
6. System transition times (rise and fall) are to be a minimum of 3 ns and a maximum of 50 ns. 

TAIl cycle times assume ty = 5 ns. 

tin aread-modify-write cycle, tc, wt and tsu(WCH) Must be observed. Depending on the user’s transition times, this may require additional 
CAS low time (tw(CL))- 

81n a read-modify-write cycle, tri wi and tsu(WRH) Must be observed. Depending on the user’s transition times, this may require additional 
RAS low time (tw (RL))- 
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ALT. 


(continued) 
SMJ4461-15 
SYMBO 
twcH | 45 


twWCR 120 


UNIT 


th(CLW) Write-command hold time after CAS low 
th(RLW) Write-command hold time after RAS low 


th(WQE) TRG hold time after WE low 
thiSD) Serial data-in hold time after SC high 
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thiSQ) Serial data-out hold time after SC high U 
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th(TRG) TRG hold time after RAS low | 15 | 
th(DQ) DQhold time after RAS low with TRG high and WE low 


th(SG) | SG hold time after RAS low with TRG and WE low 


45 

40 

thiwM" 15 

tRLCH tcsH_ | 150 

tCHRL _ Delay time, CAS high to RAS low terre | 5 

CLRH tRSH 
25 
25 


Delay time, RAS low to TRG high Early load# 
(memory-to-register transfer cycle) | Mid-line real-time load 


+ 
D 
- 
4 
Lc 


‘ Delay time, RAS low to the first positive transition of SC after 
RLSH TRG high (register transfer cycle) 


tTHRL Delay time, TRG high to RAS low after a transfer cycle 


Delay time, CAS low to the first positive transition of SC after 


e ____ 
CLSH — TRG high (register transfer cycle) 


: Delay time, SC high to RAS low with TRG and WE low 
SHRL (register-to-memory transfer cycle) | 


tSHTH Delay time, SC high to TRG high (memory-to-register transfer cycle) * 


Continued next page. 

NOTE 5: Timing measurements are referenced to Vj, max and Vjy min. 

{ TRG must disable the output buffers prior to applying data to the device. 

# TRG may be brought high early during a memory-to-register transfer cycle as long as the th( TRG). tSHTH- 49d tRLSH Specifications are met. 

l Ina register-to-memory transfer cycle, the state of SC when RAS falls is a don’t care condition. However, to guarantee proper sequencing 
of the internal clock circuitry there can be no positive transitions of SC for at least 40 ns prior to when RAS goes low. See the section entitled 
‘‘sequential access operation’’ for a complete explanation of the transfer operation. 

* In amemory-to-register transfer cycle, the state of SC when TRG rises is a don’t care condition. However, to guarantee proper sequencing 
of the internal clock circuitry there can be no positive transitions of SC for at least 10 ns prior to when TRG goes high. See the section entitled 
‘‘sequential access operation’’ for a complete explanation of the transfer operation. 

UThis parameter is guaranteed but not tested. 
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UNIT 


Delay time, TRG high to RAS high (memory-to-register transfer cycle) | gg. | 


Delay time, TRG high to CAS high (register transfer cycles) 
Cc 


Delay time, CAS low to TRG high (memory-to-register transfer cycle) 

Delay time, RAS low to CAS low (maximum value specified only 

to guarantee RAS access time) 

Delay time, CAS low to TRG low (maximum value specified 

to guarantee column access time) 

Delay time, RAS low to WE low (read-modify-write cycle only) 

Delay time, CAS low to RAS low (CAS-before-RAS refresh) 
tRLCHR Delay time, RAS low to CAS high (CAS-before-RAS refresh) 

Delay time, SG low to SC high during serial data-in shift cycle 

Delay time, TRG high before data applied at DO 

Refresh time interval, memory array 


trf(SR) Refresh time interval, shift register 


NOTE 5: Timing measurements are referenced to Vj, max and vj min. 


PARAMETER MEASUREMENT INFORMATON 


1.31 V Vcc = 5V 

Ri = 2180 Ri = 8280 
OUTPUT 
OUTPUT UNDER 
UNDER TEST 

TEST Cy. = 80 pF 
C. = 80 pF R2 = 2952 
(a) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT 


FIGURE 1. LOAD CIRCUITS FOR TIMING PARAMETERS 
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NOTE 7: Timing assumes use of the early write feature. TRG must remain high throughout the entire page-mode operation if the late write 
feature is used to guarantee page-mode cycle time. 
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NOTE 8: Timing assumes use of the early write feature. TRG must remain high throughout the entire page-mode operation if the late write 
feature is used to guarantee page-mode cycle time. Timing also assumes that only those I/Os selected by D01-DQ4 on the falling 
edge of RAS are written during page-mode operation. 
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write-mode control timing 


The write-mode control cycle is used to change the SDQs from the output mode to the input mode. This allows 
serial data to be written into the data register. The diagram below assumes that the device was originally in 
the serial read mode. 
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NOTES: 9. Random-mode (Q outputs) remain in 3-state for the entire write-mode control cycle. 
10. SG must be high as RAS falls in order to perform a write-mode control cycle. 


Texas W 


E 
INSTRUMENTS 


14-574 POST OFFICE BOX 1443 @ HOUSTON. TEXAS 77001 


SM/SMJ4461 
262,144-BIT MULTIPORT VIDEO RAM 


data-register-to-memory timing, serial input enabled 


The data-register-to-memory cycle is used to transfer data from the data register to the memory array. Every 
one of the 256 locations in the data register is written into the 256 columns of the selected row. Note that 
the data that was in the data register may have arrived there either from a serial write in or from a parallel 
load of the data register from one of the memory array rows. The diagram below assumes that the device 
is presently in the serial-write mode (i.e., SD is enabled by a previous write-mode control cycle, thus allowing 
data to be written in). 
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NOTES: 11. Random-mode (Q outputs) remain in 3-state for the entire data-register-to-memory transfer cycle. 
12. SG must be high as RAS falls in order to perform a register-to-memory transfer. 
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memory-to-data-register timing 


The memory-to-data-register cycle is used to load the data register in parallel from the memory array. Every 
one of the 256 locations in the data register are written into from the 256 columns of the selected row. 
Note that the data that is loaded into the data register may be either read out or written back into another 
row. This cycle puts the device into the serial read mode (i.e., the SQ is enabled, thus allowing data to 
be read out of the register). 


Also, the first bit to be read from the data register after TRG has gone high must be activated by a positive 
transition of SC. 
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NOTES: 13. Random-mode (Q outputs) remain in 3-state for the entire memory-to-data-register transfer cycle. 
14. Column address must be supplied to load register start address on every transfer cycle. 
15. The first positive transition of SC after TRG has gone high during a memory-to-register transfer cycle is used to line the first 
bit of new data. 
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serial data-in timing 


The serial data-in write cycle is used to write data into the data register. Before data can be written into the 
data register via SD, the device must be put into the write mode by performing a write-mode control cycle. 
Register-to-memory transfer cycles occurring between the write-mode control cycle and the subsequent 
writing in of data will not take the device out of the write mode. But amemory-to-register transfer cycle during 
that time will take the device out of the write mode and put it into the read mode, thus not allowing the writing 
in of data. 
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NOTE 16: While writing data into the data register, the state of TRG is a don’t care as long as TRG is held high when RAS goes low. This is to 
avoid the initiation of a register-to-memory or memory-to-register data-transfer function. 
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serial-data-out timing 


The serial data-out read cycle is used to read data out of the data register. Before data can be read out via 
SQ, the device must be put into the read mode by performing a memory-to-data-register transfer cycle. Register- 
to-memory transfer cycles occurring between the memory-to-register transfer cycle and the subsequent 
reading out of data will not take the device out of the read mode. But, a write-mode control cycle at that time 
will take the device out of the read mode and put it in the write mode, thus not allowing the reading out of data. 
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NOTE 17: While reading data out of the data register, the state of TRG is adon’t care as long as TRG is held high when RAS goes low. This is to 
avoid the initiation of a register-to-memory or memory-to-register data-transfer operation. 
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SEPTEMBER 1987 — REVISED NOVEMBER 1989 


65,536 x 4 Organization JD PACKAGE 


(TOP VIEW) 


Single 5-V Supply (10% Tolerance) 
JEDEC Standardized Pinout 


Pinout Identical to SMJ4416 (16K x 4 
Dynamic RAM) 


@ Performance Ranges: 
ACCESS ACCESS READ_ READ- 
TIME TIME OR MODIFY- 
ROW COLUMN WRITE WRITE 
ADDRESS ADDRESS CYCLE CYCLE 


(MAX) (MAX) (MIN) (MIN) 
SMJ4464-12 120 ns 60 ns 230ns 320ns FV PACKAGE 
SMJ4464-15 150 ns 75 ns 260ns 345 ns TOP VIEW! 
SMJ4464-20 200 ns 100 ns 330 ns 435 ns ao ve as 
Olio >a 
Long Refresh Period .. . 4 ms (Max) oe 4 
@ Low Refresh Overhead Time... As Low As pa2p3 16[] CAS 
1.3% of Total Refresh Period wtj4 150) pa3 
RAS []5 14[] ao 


On-Chip Substrate Bias Generator 


A6 LJ6 13U) Al 


All Inputs, Outputs, and Clocks Fully TTL A5U7 12L] a2 
Compatible 8 91011 
3-State Unlatched Output : 8 = © 


Early Write or G to Control Output Buffer 
Impedance 


NOTE: Pin 1 indicator on back. 


@ Page-Mode Operation for Faster Access 
AO-A7 Address Inputs 


CAS Column-Addreess Strobe 
DOQ1DQ4 Data In Data Out 


Power Dissipation As Low As: 
— Operating... 275 mW (Typ) 
— Standby... 12.5 mW (Typ) 


Output Enable 
@ RAS-Only Refresh Mode Row-Address Strobe 


5 V Supply 
Ground 
Write Enable 


CAS-Before-RAS Refresh Mode 


description 


The SMJ4464 is a high-speed, 262,144-bit dynamic random-access memory, organized as 65,536 words 
of four bits each. It employs state-of-the-art SMOS (scaled MOS) N-channel double-level polysilicon/polycide 
gate technology for very high performance combined with low cost and improved reliability. 


This device features maximum RAS access times of 120 ns, 150 ns, or 200 ns. Typical power dissipation 
is as low as 275 mW operating and 12.5 mW standby. 


New SMOS technology permits operation from a single 5-V supply, reducing system power supply and 
decoupling requirements, and easing board layout. IpDp peaks of 125 mA are typical, and a —O.7-V input 
voltage undershoot can be tolerated, minimizing system noise considerations. 


All inputs and outputs, including clocks, are compatible with Series 54 TTL. All address and data-in lines 
are latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility. 


PRODUCTION DATA documents contain information ° Copyright © 1987, Texas Instruments Incorporated 
current as of publication date. Products conform 4 

to specifications per the terms of Texas Instruments TEXAS 

standard warranty. Production processing does not | 

necessarily include testing of all parameters. NSTRUMENTS 
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The SMJ4464 is offered in 18-pin 300-mil ceramic side-braze dual-in-line and 18-pad leadless ceramic 
chip carrier packages. It is guaranteed for operation from —55°C to 110°C for the S version and from 
O°C to 70°C for the L version. The dual-in-line package is designed for insertion in mounting-hole rows 
on 7,62-mm (300-mil) centers). 


operation 
address (AO through A7) 


Sixteen address bits are required to decode 1 of 65,536 storage locations. Eight row-address bits are set 
up on pins AO through A7 and latched onto the chip by the row-address strobe (RAS). Then the eight 
column-address bits are set up on pins AO through A7 and latched onto the chip by the column-address 
strobe (CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar 
to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a 
chip select, activating the column decoder and the input and output buffers. 


write enable (W) 


The read or write mode is selected through the write enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data input is disabled when the read mode is selected. When 
W goes low prior to CAS, data out will remain in the high-impedance state for the entire cycle, permitting 
common 1|/O operation. 


data in (DQ1-DQ4) 


Data is written during a write or a read-modify-write cycle. Depending on the mode of operation, the falling 
edge of CAS or W strobes data into the on-chip data latches. These latches can be driven from standard 
TTL circuits without a pull-up resistor. In an early write cycle, W is brought low prior to CAS and the data 
is strobed in by CAS with setup and hold times referenced to this signal. In a delayed-write or a read-modify- 
write cycle, CAS will already be low, thus the data will be strobed in by W with setup and hold times 
referenced to this signal. In a delayed or read-modify write cycle, G must be high to bring the output buffers 
to high impedance prior to impressing data on the 1/O lines. 


data out (DQ1-DQ4) 


The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fanout 
of two Series 54 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance 
(floating) state until CAS is brought low. In a read cycle the output goes active after the access time interval 
ta(C) that begins with the negative transition of CAS as long as ta(R) and ta(G) are satisfied. The output 
becomes valid after the access time has elapsed and remains valid while CAS and G are low. CAS or G 
going high returns it to a high-impedance state. In a delayed-write or read-modify-write cycle, the output 
must be put in the high-impedance state prior to applying data to the DQ input. This is accomplished by 
bringing G high prior to applying data, thus satisfying tGHDp. 


output enable (G) 


The G input controls the impedance of the output buffers. When G is high, the buffers will remain in the 
high-impedance state. Bringing G low during a normal cycle will activate the output buffers, putting them 
in the low-impedance state. It is necessary for both RAS and CAS to be brought low for the output buffers 
to go into the low-impedance state. Once in the low-impedance state they will remain in the low-impedance 
state until G or CAS is brought high. 


refresh 


A refresh operation must be performed at least once every four milliseconds to retain data. This can be 
achieved by strobing each of the 256 rows (AO-A7). A normal read or write cycle will refresh all bits in 
each row that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, 
thus conserving power as the output buffer remains in the high-impedance state. 
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operation (continued) 
CAS-before-RAS refresh 


The CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS (see parameter tcLRL) and 
holding it low after RAS falls (see parameter tRLCHR). For successive CAS-before-RAS refresh cycles, 
CAS can remain low while cycling RAS. The external address is ignored and the refresh address is generated 
internally. 


page mode 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
random column addresses onto the chip. Thus, the time required to set up and strobe sequential row 
addresses for the same page Is eliminated. The maximum number of columns that can be addressed is 
determined by tw(RL), the maximum RAS low pulse duration. 


power up 
To achieve proper device operation, an initial pause of 200 us is required after power up, followed by a 


minimum of eight initialization cycles. 


logic symbolt 


RAM 64K X 4 
20D8/21D0 


AO 
Al 
A2 
A3 
Ad 
A5 
A6 
A7 20015/21D7 
C20(ROW] 


G23/(REFRESH ROW] 


RAS 


CAS 


aiS| 


DQ1 


DQ2 
DQ3 
DQ4 


TThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the dual-in-line package. 
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functional block diagram 


ROW 
32K ARRAY 
Ww 
32K ARRAY ™ 32K ARRAY 
DECODE 


COLUMN DECODE =a 


ROW 
ADDRESS 
BUFFERS 
(8) 


VO 
BUFFERS 
(4) 


AO 


A2 COLUMN DECODE 
A3 ADDRESS 
Aa BUFFERS 
- (8) 
A6 DECODE 
A7 
absolute maximum ratings over operating temperature range (unless otherwise noted) tT 
Voltage on any pin including Vpp supply (see Note 1)................ 2.0.02. 00.4. -~l¥twor? ¥ 
SOM GWEUIT GUTOLT GUITGMT cae cc kaa caw cee e ee ER ARDEP ORDEAL ERODE HEE 50 mA 
POWS! CiGSGUON:: «cc cao eek ba Rw ORR EEE HSS BLES OH KE RE PORES ER OHS ER |S 1 W 
Minimum operating free-air temperature: S version... .. 2.2... 2.0.0.0. ee oon ee © 
LWOPSION 0.06 c cece ew che eee ee ree wenn ro e® i ig 
Maximum operating case temperature: S version ........... 0.20.0 00 ee ee Wee kes & 
LL MOPEIGE: 2c eo ome ee os ORES ESS OnE dESHS ESEHLS 70°C 


Storage temperature range 


TStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This Is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 


Vpp Supply voltage 


Vss_ Supply voltage 


NOTE 2: The algebraic convention, where the negative (less positive) limit is designated as maximum, is used in this data sheet for logic 
voltage levels only. 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 
PARAMETER TEST CONDITIONS 

VOH High-level output voltage IOH = -S mA 

VoL Low-level output voltage lol = 4.2 mA 


I Input current (leakage) V; = OVto5.8V, Vpopp = 5 V, All outputs open 
lo Output current {leakage} Vo = 0V to 5.5 V, Vpp = 5 V, CAS high 


Average operating current 
IDD1 te = minimum cycle, All outputs open 65 80 mA 
during read or write cycle 
After 1 memory cycle, RAS and CAS high, 
Ipp2 Standby current Bue 8 mA 
All outputs open 
te = minimum cycle, RAS cycling, CAS high, 
Ipp3 Average refresh current = ui —_—s " 50 60 mA 
All outputs open 
tc(P) = minimum cycle, RAS low, CAS cycling, 
lpp4 Average page-mode current 45 55 mA 
All outputs open 


SMJ4464-15 SMJ4464-20 
PARAMETER TEST CONDITIONS 
MIN TYPt MAX | MIN TYPT MAX 


V; = OVto5.8V, Vpp = SV, ‘e * 
+ 
All outputs open - 
Vo = O0Vto 5.5 V, Vpp = 5V, 1% A 
—= + 
AS high - 
Average operating current 
IDD1 tc = minimum cycle, All outputs open 50 60 mA 
during read or write cycle 


I Input current (leakage) 


lo Output current (leakage) 


0.4 
+10 
+ 10 
ini 55 70 
After 1 memory cycle, RAS and CAS 
Ipp2 Standby current 2:0 8 2c 8 m 
high, All outputs open 
te = minimum cycle, RAS cycling, 
lpp3 Average refresh current —.. 45 55 40 50 
CAS high, All outputs open 
tc(P) = minimum cycle, RAS low, CAS 
lpop4 Average page-mode current 40 50 30 40 
cycling, All outputs open 


TAI typical values are at Ta = 25°C and nominal supply voltages. 
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capacitance over recommended supply voltage range and operating temperature range, f = 1 MHz*t 


SMJ4464 
PARAMETER 
MIN TYPt MAX | UNIT 


Cia) Input capacitance, address inputs 
| 


Ci(RC) Input capacitance, strobe inputs a aa 


Ci(w) Input capacitance, write enable input 
Cio Output capacitance 


TAIl typical values are at Ta = 25°C and nominal supply voltages. 
*Vcc equal to 5.0 V and the bias on pins under test is 0.0 V 


switching characteristics over recommended supply voltage range and operating temperature range 


ALT. SMJ4464-12 
PARAMETER TEST CONDITIONS’ UNIT 
SYMBOL| MIN MAX 
ies t > MAX, C; = 80 DF. lou = —5 mA, 
OL = 4.2m 


—_— t = MAX, Cy = 80 pf, | = —5mA, 
ta(R) Access time from RA a = ee . pee 2 


ns 

120 ns 
ta(G) 3 Access time after G low Ci = 80 pF, IOH = -5MA, Ilco_ = 4.2 MA 
tdis(CH) Output disable time after CAS high Ci = 80 pF, Ion = -—5MA, Icy = 4.2 MA 
tdis(G) Output disable time after G high CL = 80 pF, IOH = -5MA, lo_ = 4.2 MA tGOrE 


switching characteristics over recommended supply voitage range and operating temperature range 


SMJ4464-15 | SMJ4464-20 
PARAMETER 


n 


ALT. 
TEST CONDITIONS § UNIT 
SYMBOL| MIN MAX | MIN MAX 
ee t > MAX, C; = 80 oF, 
OH = -5™mMA, Io_ = 4.2m 
. ° 


ta(R) Access time from RAS 


lon = -5 mA, Io, = 4.2 ma} ‘RAC 


as Cy = 80 pF, Ion = -5 mA, 
t 1 Access time after G low t 

lo = 4.2 mA sails 
; ‘cial C. = 80 pF, Ion = -5 MA, 

tdis(CH) Output disable time after CAS high li. = Ac ont tOFF 
- Ci = 80 pF, | = -5 mA, 

tdis(G) Output disable time after G high . een tGOFF 

loL = 4.2 mA 


8 Figure 1 shows the load circuit; CL values shown are typical for test system used. 
Itc) and ta(R) Must be satisfied to guarantee ta(G). 


of oe 
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timing requirements over recommended supply voltage range and operating temperature range 


SYMBOL | MIN MAX 
: 


wn 
= 
j 
rs 
iS 
io?) 
TS 
—_ 
N 


UNIT 


tc(P) Page-mode cycle timet 


tc(PM) Page-mode cycle time (read-modify-write cycle) t 
te(rd) Read cycle time! 
tc(W) Write cycle time? 
te(rdW) Read-write/read-modify-write cycle timet 


t 
ns 

t ns 

Ww ns 
twiCH)P Pulse duration, CAS high (page mode) t 

t 

W 

t 


L 
P 
R 
| tce | so | 

twi(CH) Pulse duration, CAS high (non-page mode) | tcpn | 50 | 
w(CL) Pulse duration, CAS low?# 10,000 
tw(RH) Pulse duration, RAS high 

D 

D 

D 


tw(RL) Pulse duration, RAS low tras | 120 10,000 


32 
5 
5 
6 

twin) Write pulse duration 
4 
4 
2 
1 
3 
g 
3 


P 
P 
tsu(CA) Column-address setup time 
tsu(RA) Row-address setup time 


tsu(D) Data setup time | tps 
tsu(rd) Read-command setup time 


tsu(WCH) Write-command setup time before CAS high 
tsu(WRH) Write-command setup time before RAS high 


tsu(WCL) Early-write command setup time before CAS low | twes | OO 


th(CLCA) Column-address hold time after CAS low 


th(RA) Row-address hold time 


S 
th(RLCA) Column-address hold time after RAS low 
t 
H 


thiCLD) Data hold time after CAS low 


thi(RLD) Data hold time after RAS low tDHR 


th(WLD) Data hold time after W low | toy | 35 
thiCHrd) | Read-command hold time after CAS high | tach | OO 
th(RHrd) Read-command hold time after RAS high | tary | 10 | 


thicLW) | Write-command hold time after CAS low tWCH a0 


tWCR 95 
tCHR 25 


NS 
aks) 
NS 
aks 
Ns 
ns 
Ns 
aks 
aks) 
Ns 
NS 
NS 
ns 
NS 
Ns 
ns 
NS 
aks) 
Ns 
NS 
NS 
aks) 


O 
O 
O 
O ; 
O 
10 
O 
O 
O 
5 
5 
D 
5 
10 


n 


n 


th(RLW) | Write-command hold time after RAS low 


om 
n 


tRLCHR Delay time, RAS low to CAS high § 


tRLCH Delay time, RAS low to CAS high tCSH 120 ns 
tCHRL Delay time, CAS high to RAS low tCRP 
tRHCL Delay time, RAS high to CAS low § tRcp ns 


>| 
n 


=| 
n 


tCLRH Delay time, CAS low to RAS high tRSH 


tCWD 
'CSR 


100 
25 


tCLWL Delay time, CAS low to W low (read-modify-write cycle only) # 


=] 
n 


=| a 
n n 


tCLRL Delay time, CAS low to RAS low 


Delay time, RAS low to CAS low (maximum value specified only 


t t 25 
ALCL to guarantee access time) helt 


eo) 
(e) 
= 
7) 


tRLWL Delay time, RAS low to W low (read-modify-write cycle only)* 
tGHD Delay time, G high before data applied at DO 
trf Refresh time interval 


TAIl cycle times assume ty = 5 ns. 

Tin a read-modify-write cycle, tc, wt and tsu(WCH) Must be observed. Depending on the user's transition times, this may require additional 
CAS low time (tw(CL))- 

8 In a read-modify-write cycle, tRLWL and tsy(WRH) Must be observed. Depending on the user's transition times, this may require additional 
RAS low time (tw(RL))- 

* CAS-before-RAS refresh option only. 

#G must disable the output buffers prior to applying data to the device. 

NOTE 3: System transition times (rise and fall) for RAS and CAS are to be a minimum of 3 ns and a maximum of 50 ns. 
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timing requirements over recommended supply voltage range and operating temperature range 


ALT. SMJ4464-15 | SMJ4464-20 


PMN Max | 
[iso 


UNIT 


= | 
n 


= 
n 


tcird) Read cycle time! 


tc(W) Write cycle timet 


O 
Ww 
£S 
oO 
£ 
Ww 
oO 
=| 
n 


tcirdw)  Read-write/read-modify-write cycle time? 


tw(CH)P 


tw(CH) Pulse duration, CAS high (non-page mode) tCPN | 60 
twiCL) Pulse duration, CAS low# tCAS 75 10,000 } 100 10,000 ns 


Pulse duration, CAS high (page mode) 


2 to 
yn n 


[ond ot 
Bs) BS) 
O 
NO 
[e)) 
(o) 
W 
io) 
g a ees) 


=) 
n 


tw(RH) Pulse duration, RAS high 120 


tw(RL) Pulse duration, RAS low 8 tras | 150 10,000] 200 10,000 | ns 
45 


tw(W) Write pulse duration twP 


=) 
n 


= 
n 


tsu(CA) Column-address setup time tASC 


tsu(RA) Row-address setup time tASR 


pS 


tsu(D) Data setup time tos 


| tre 
| ten | 
| cas 
| tre | 
| tRAS 
| twe | 45 
| tasc | 0 
[tase [| 0 
| tos | 10 | 
[tsuird) _Read:command setup time Ltrs | 
[ tsuiwet) Early-write command setup time before CAS low | twos | 
tem | 45 
ptrw | 45 
| tcan | 25 | 
| tran | 18 | 
| tar | 
| tH 
| tOHR | 
| tDH 
| RCH 
| tRRH 
| twer | 
| twer_| 
| CHR | 


= 


= 


>) 


=) 


tsu(WCH) Write-command setup time before CAS high tCWL 
tsu(WRH) Write-command setup time before RAS high tRWL 


= 


=| 


th(CLCA) Column-address hold time after CAS low tCAH 


th(RA) Row-address hold time 
th(RLCA) Column-address hold time after RAS low 


th(CLD) Data hold time after CAS low 5 
th(RLD) Data hold time after RAS low tDHR 155 


a] 


a) 


=) 
n 


th(WLD) Data hold time after W low tDH 


=| 
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th(CHrd) Read-command hold time after CAS high tRCH 
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tRLCHR Delay time, RAS low to CAS high* tCHR 35 
tCHRL Delay time, CAS high to RAS low | tcrp | oF [| Oo | 
tRHCL _ Delay time, RAS high to CAS low® tRCP 
I pio 
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tCLWL Delay time, CAS low to W low (read-modify-write cycle only) # tCWD =e 
tCLRL Delay time, CAS low to RAS low! tCsSR 35 


Delay time, RAS low to CAS low (maximum value specified onl 
ELCL os ” —_ een re . 25 75! 30 100] ns 


| 
n 


to guarantee access time) 


tRLWL Delay time, RAS low to W low (read-modify-write cycle only) # tRWD 240 ns 
tGHD Delay time, G high before data applied at DO tGDD ns 


trf Refresh time interval 


TAI cycle times assume ty = 5 ns. 

t In a read-modify-write cycle, tCLWL 2d tsyu(WCH) Must be observed. Depending on the user's transition times, this may require additional 
CAS low time (tw(CL))- 

8 In a read-modify-write cycle, tRLWL 4nd tsyu(WRH) Must be observed. Depending on the user’s transition times, this may require additional 
RAS low time (tw (RL)): 

" CAS-before-RAS refresh option only. 

#G must disable the output buffers prior to applying data to the device. 

NOTE 3: System transition times (rise and fall) for RAS and CAS are to be a minimum of 3 ns and a maximum of 50 ns. 
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PARAMETER MEASUREMENT INFORMATION 


V 
lOH/IOL 
OUTPUT 
UNDER TEST 
T 


L - 80 pF 


FIGURE 1. TYPICAL LOAD CIRCUIT 
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read cycle timing 
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early write cycle timing 
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write cycle timing 
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read-write/read-modify-write cycle timing 
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NOTE 4: A write cycle or read-modify-write cycle can be intermixed with read cycles as long as the write and read-modify-write timing specifications are not violated. 
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A read cycle or read-modify-write cycle can be intermixed with write cycles as long as the read and read-modify-write timing specifications are not violated. 
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NOTE6: Aread cycle or a write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications are not violated. 
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RAS-only refresh cycle timing 
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APPLICATIONS LITERATURE AVAILABLE 


The following literature is available from Texas Instruments for assistance in DRAM system design. Please contact 
your local TI sales office to obtain a copy. 


Application Reports 


e The TMS4464 Topology — In order to effectively test the interaction between individual cells in the 
TMS4464, it is necessary to have a knowledge of the memory array organization and cell topology. 
Cell sensitivity can be tested by accessing surrounding cells and monitoring the selected cell for changes 
in the stored data. (SMBA641) 


Technical Paper Reprints 


e A 256K DRAM Organized for Applications Solutions — As applications software becomes more 
sophisticated, the need for high density DRAM will continue to increase. The latest generation of 
DRAMs, the 256K, will provide four times the amount of memory in the same board area as with 
64K DRAMs. In addition, more device features will provide the flexibility to maximize utilization of 
256K DRAMs in specific applications. This paper describes a 256K DRAM, its technology and 
architecture, and how it simplifies the needs of expanding applications. (GMQYO01) 


Technical Article Reprints 


e 256K Dynamic RAM is More Than Just an Upgrade — Silicides, lightly doped drain structures are being 
tuned for mass production of a next-generation part that improves on the 64K workhorse. (GMQY0O14) 


e Designers Weigh Options for 256K Dynamic-RAM Processes — Hidden-refresh modes make dynamic 
RAMs look static, while alternate addressing modes vary width of single parts. (SGMQYO1 7) 
Related Data Sheets 
e SMJ4416 Data Sheet — Specifications for the 16K X 4 Dynamic RAM. (SGMS416) 
e SMJ4256 Data Sheet — Specifications for the 256K X 1 Dynamic RAM. (GGMS256A) 
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SMu44100 
4,194,304-WORD BY 1-BIT 
DYNAMIC RANDOM-ACCESS MEMORY 


FEBRUARY 1990 


JD PACKAGE 
(TOP VIEW) 


® 4,194,304 x 1 Organization 
* Single 5-V Supply (10% Tolerance) 


* Performance Ranges: 
ACCESS ACCESS ACCESS READ 
TIME TIME TIME OR 

tarp) tac) taca) WRITE 
(trac) (teac) (tcan) CYCLE 

(MAX) (MAX) (MAX) = (MIN) 

SMJ44100-10 100 ns 25 ns 50 ns 180 ns 
SMJ44100-12 120ns 30 ns 55ns  210ns 
SMJ44100-15 150 ns 40 ns 70ns 260ns 


* Enhanced Page-Mode Operation for Faster 
Memory Access 
— Higher Data Bandwidth than 
Conventional Page-Mode Parts HM PACKAGE 
— Random Single-Bit Access Within a Row (TOP VIEW) 
with a Column Address 


® CAS-Before-RAS Refresh 


* Long Refresh Period... 1024-Cycle 
Refresh in 16 ms (Max) 


* 3-State Unlatched Output 

* Low Power Dissipation 

* Texas Instruments EPIC™ CMOS Process 

° All Inputs and Outputs Are TTL-Compatible 


* Packaging Offered: 
— 18-Pin 400-Mil Ceramic DIP (JD Suffix) 


— 20-Terminal Leadless Ceramic 
Surface-Mount Package (HM Suffix) 


* High-Reliability, MIL-STD-883C, Class B 


AO-A10_ Address Inputs 


Processing 


Operating Temperature Range ... 
— 55°C to 125°C 


Column-Address Strobe 
Data In 
No Connection 


PRODUCT PREVIEW 


e Q Data Out 
Row-Address Strobe 
description Write Enable 
5-V Supply 
The SMJ44100 is a high-speed 4,194,304-bit Ground 


dynamic random-access memory organized as 
4,194,304 words of one bit each. It employs EPIC ™ 
(Enhanced Performance Implanted CMOS) technolo- 
gy for high performance, reliability, and low-power 
operation. 


The SMJ44100 features maximum row access times of 100, 120, and 150 ns. Maximum power dissipation is 
385 mW operating and 16.5 mW standby on 100-ns devices. 


All inputs and outputs, including clocks, are compatible with series 54 TTL. All addresses and data-in lines are 
latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility. 


EPIC is a trademark of Texas Instruments Incorporated. 


products in the formative or design phase of development. at © eae ener Riorne neni a or 
Characteristic data and other specifications are design 
goals. Texas Instruments reserves the right to change or 
discontinue these products without notice. 


PRODUCT PREVIEW documents contain information on fi 
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SMJ44400 
1,048,576-WORD BY 4-BIT 
DYNAMIC RANDOM-ACCESS MEMORY 


MARCH 1990 


* 1,048,576 x 4 Organization JD PACKAGE 
(TOP VIEW) 


°* Single 5-V Supply (10% Tolerance) 


°* Performance Ranges: 


ACCESS ACCESS ACCESS READ 
TIME TIME TIME OR 
tan) tac) tacay WRITE 


(trac) —(teac) (tcan) CYCLE 

(MAX) (MAX) (MAX) (MIN) 
SMJ44400-10 100 ns 25ns 50 ns 180 ns 
SMJ44400-12 120 ns 30 ns 55ns 210ns 
SMJ44400-15 150ns °*40ns 70ns 260ns 


* Enhanced Page-Mode Operation for Faster 
Memory Access 
— Higher Data Bandwidth than 
Conventional Page-Mode Parts 
— Random Single-Bit Access Within a Row 
with a Column Address 


® CAS-Before-RAS Refresh 


* Long Refresh Period... 1024-Cycle 
Refresh in 16 ms (Max) 


° 3-State Unlatched Output 


HM PACKAGE 
(TOP VIEW) 


°* Low Power Dissipation 
* Texas Instruments EPIC’ CMOS Process 
* All Inputs and Outputs Are TTL-Compatible 


* Packaging Offered: 
— 20-Pin 400-Mil Ceramic DIP (JD Suffix) 


— 20-Terminal Leadless Ceramic 
SurfaceMount Package (HM Suffix) 


* High-Reliability, Class B Processing 


* Operating Temperature Range 


_..-55°C to 125°C A0-A9 Address Inputs 


CAS Column-Address Strobe 
DQ1-DQ4_ Data In/Data Out 
G Output Enable 


The SMJ44400 is a high-speed 4,194,304-bit dynam- RAS Row-Address Strobe 
ic random-access memory organized as 1,048,576 Write Enable 


words of four bits each. Itemploys EPIC™ (Enhanced 
Performance Implanted CMOS) technology for high 
performance, reliability, and low-power operation. 


description 


5-V Supply 
Ground 


The SMJ44400 features maximum row access times of 100, 120, and 150 ns. Maximum power dissipation is 
413 mW operating and 22 mW standby on 100-ns devices. 


All inputs and outputs, including clocks, are compatible with series 54 TTL. All addresses and data-in lines are 
latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility. 


EPIC is a trademark of Texas Instruments Incorporated. 


PRODUCT PREVIEW documents contain information on Copyright © 1990, Texas Instruments Incorporated 
products in the formative or design phase of development. j 

Characteristic data and other specifications are design TEXAS 
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SMJ44C251 
262,144 BY 4-BIT MULTIPORT VIDEO RAM 


FEBRUARY 1990 


* DRAM: 262,144 Words x 4 Bits JD AND HJ PACKAGES? 
SAM: 512 Words x 4 Bits (TOP VIEW) 


* Dual Port Accessibility — Simultaneous 
and Asynchronous Access from the DRAM 
and SAM Ports 


* Bidirectional Data Transfer Function 
Between the DRAM and the Serial Data 
Register 


°* 4x4 Block Write Feature for Fast Area Fill 
Operations. As Many as Four Memory 
Address Locations Written Per Cycle From 
an On-Chip Color Register 


* Write Per Bit Feature for Selective Write to 
Each RAM I/O. Two Write Per Bit Modes to 


Simplify System Design ‘This illustration is for pinout reference only. 
* Enhanced Page-Mode Operation for Faster PIN NOMENCLATURE 

Access A0-A8 Address Inputs 

——— aie ; CAS Column Enable 
® A 7 

ae before-RAS and Hidden Refresh DQ0-DA3 DRAM Data!n-Out / Write Mask Bit 

odes SE Serial Enable 
, RAS Row Enable 

* RAM Output Enable Allows Direct SC Sutst Cet Clock 

Connection of DQ and Address Lines to SDQ0-§SDQ3 Serial Data In-Out 

Simplify System Design TRG Transfer Register / QOutput Enable 

W Write Mask Select / Write Enable 
°* Long Refresh Period... 8 ms (Max) Special Function Select 
; ; ; Split Register Activity Status 

* DRAM Port is Compatible with the 5-V Supply 

SMJ44C256 Ground 

; Ground (Important: not connected 

* Up to 28 MHz Uninterrupted Serial Data to internal Vg) 

Streams 
® Split Serial Data Register for Simplified ° Performance Ranges: 

Realtime Register Reload ACCESS ACCESS ACCESS ACCESS 


TIME TIME TIME TIME 
ROW COLUMN SERIAL SERIAL 
ADDRESS ENABLE DATA ENABLE 


° 3-State Serial I/Os Allow Easy Multiplexing 


of Video Data Streams (MAX) (MAX) (MAX) (MAX) 
tar) tac) ta(sc) ta(Se) 

* 512 Selectable Serial Register Starting SMJ44C251-12 120ns 35ns 35ns  25ns 
Locations SMJ44C251-15 150ns 45ns  40ns  30ns 

* All Inputs and Outputs TTL Compatible * Texas Instruments EPIC’ CMOS Process 


EPIC is a trademark of Texas Instruments Incorporated. 


PRODUCT PREVIEW documents contain information on Copyright © 1990, Texas Instruments Incorporated 
products in the formative or design phase of development. j 
Characteristic data and other specifications are design TEXAS 
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262,144 BY 4-BIT MULTIPORT VIDEO RAM 
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description 


The SMJ44C251 Multiport Video RAM is a high-speed, dual-ported memory device. It consists of a dynamic 
random-access memory (DRAM) organized as 262,144 words of 4 bits each, interfaced to a serial data register, 
or Serial Access Memory (SAM), organized as 512 words of 4 bits each. The SMJ44C 251 supports three basic 
types of operation: random access to and from the DRAM, serial access to and from the serial register, and 
bidirectional transfer of data between any row in the DRAM and the serial register. Except during transfer 
operations, the SMJ44C251 can be accessed simultaneously and asynchronously from the DRAM and SAM 
ports. During transfer operations, the 512 columns of the DRAM are connected to the 512 positions in the serial 
data register. The 512 x 4 bit serial data register can be loaded from the memory row (transfer read), or else the 
contents of the 512 x 4 bit serial data register can be written to the memory row (transfer write). 


The SMJ44C251 is equipped with several features designed to provide higher system-level bandwidth and 
simplify design integration on both the DRAM and SAM ports. On the DRAM port, greater pixel draw rates can 
be achieved by the device's novel 4 x 4 Block Write Mode. Block Write mode allows four bits of data present in 
an on-chip color data register to be written to any combination of four adjacent column address locations. As 
many as 16 bits of data can be written to memory during each CAS cycle time. Also on the DRAM port, a write 
mask register provides a persistent write-per-bit mode without repeated mask loading. 


On the serial register, or SAM port, the SMJ44C251 offers a split register transfer read (DRAM to SAM) option 
that enables realtime register reload implementation for truly continuous serial data streams without critical 
timing requirements. The register is divided into a high half and a low half. While one half is being read out of 
the SAM port, the other half can be loaded from the memory array. This new realtime register implementation 
allows truly continuous serial data. For applications not requiring realtime register reload (for example, reloads 
done during CRT retrace periods), the single-register mode of operation is retained to simplify system design. 
The SAM can also be configured in the input mode, accepting serial data from an external device. Once the serial 
register within the SAM is loaded, its contents can be transferred to the corresponding column positions in any 
row in memory in a single memory cycle. 


The SAM port is designed for maximum performance. Data can be input to or accessed from the SAM at serial 
rates up to 28 MHz. During the split-register mode of operation, internal circuitry detects when the last bit position 
is accessed from the active half of the register and immediately transfers control to the opposite half. A separate 
open-drain output, designated QSF, is included to designate which half of the serial register is active at any given 
time in the split-register mode. 


All inputs, outputs, and clock signals on the SMJ44C251 are compatible with Series 74 TTL. All address lines 
and data-in are latched on-chip to simplify system design. All data-outs are unlatched to allow greater system 
flexibility. 


The SMJ44C251 employs state-of-the-art Texas Instruments EPIC™ scaled-CMOS, double level 
polysilicon/polycide gate technology for very high performance combined with low cost and improved reliability. 


The SMJ44C251 is offered in a 28-pin, ceramic small-outline J-leaded package (HJ suffix) for direct surface 
mounting in rows on 400-mil centers. It is also offered in a 400-mil, 28-pin, sidebrazed DIP package (JD suffix). 
Both packages are characterized for operation from — 55°C to 125°C (M suffix). 


The SMJ44C251 and other multiport video RAMs are supported by a broad line of graphics processors and 
control devices from Texas Instruments, including the SMJ34061 Video System Controller (VSC), SMJ34010 
Graphics System Processor (GSP), and the SMJ34020 second-generation-graphics processor. 
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Performances Ranges: 


SMJ440256 


262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY 


262,144 x 4 Organization 
Single 5-V Supply (10% Tolerance) 


ACCESS ACCESS ACCESS READ 
TIME TIME TIME OR 
ta(R) = {ta(c) —s ta(CaA) «= WRITE 
(trac) (tcac) (tcaa) CYCLE 
(MAX) (MAX) (MAX) = (MIN) 
SMJ44C256-10 100ns. 25 ns 45 ns 190 ns 
SMJ44C256-12 120ns 30ns 55 ns 220ns 
SMJ44C256-15 150ns 40ns 7Ons 260ns 


@ Enhanced Page Mode Operation with 
CAS-Before-RAS Refresh 


@ Long Refresh Period. . 


512-Cycle Refresh in 8 ms (Max) 


3-State Unlatched Output 


Lower Power Dissipation 


Texas Instruments EPIC™ CMOS Process 


All Inputs and Clocks Are TTL Compatible 


- 55°C to 125°C Operating Temperature 
Range 


Packaging Offered: 
— 20-Pin 300-Mil Ceramic DIP 


— 20-Lead Ceramic Surface Mount Package 


(HJ Suffix) 
— 20-Terminal Leadless Ceramic Surface 
Mount Package (FQ Suffix) 


@ High-Reliability Class B Processing 


description 


The SMJ44C256 is a high-speed, 1,048,576-bit 
Dynamic Random-Access Memory organized as 
262,144 words of four bits each. This device 


employs state-of-the-art EPIC™ 


(Enhanced 


Process Implanted CMOS) technology for high 
performance, reliability, and low power at a low 


cost. 


operation 


enhanced page mode 


MAY 1989 


JD PACKAGE 
(TOP VIEW) 


HJ AND FQ PACKAGES 
(TOP VIEW) 


TThe packages shown here are for pinout reference only. 
The HJ and FQ packages are actually 75% of the length 
of the JD package. 


PIN NOMENCLATURE 


AO-A8 Address Inputs 

CAS Column-Address Strobe 
DQ1-DQ4 Data In/Data Out 

G Data-Output Enable 


Row-Address Strobe 
Test Function 

Write Enable 

5-V Supply 

Ground 


Page-mode operation allows faster memory access by keeping the same row-address while selecting random 
column addresses. The time for row-address setup and hold and address multiplex is thus eliminated. The 
maximum number of columns that may be accessed is determined by the maximum RAS low time and 
the CAS page-mode cycle time used. With minimum CAS page cycle time, all 512 columns specified by 
column addresses AO through A8 can be accessed without intervening RAS cycles. 


EPIC is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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Unlike conventional page-mode DRAMs, the column-address buffers in this device are activated on the 
falling edge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling 
edge of CAS latches the column addresses. This feature allows the SMJ44C256 to operate at a higher 
data bandwidth than conventional page-mode parts, since data retrieval begins as soon as column address 
is valid rather than when CAS transitions low. This performance improvement is referred to as ‘‘enhanced 
page-mode’’. Valid column address may be presented immediately after th(RA) (row-address hold time) 
has been satisfied, usually well in advance of the falling edge of CAS. In this case, data is obtained after 
ta(C) max (access time from CAS low,) if ta(¢ A) max (access time from column address) has been satisfied. 
In the event that column addresses for the next page cycle are valid at the time CAS goes high, access time 
for the next cycle is determined by the later occurrence of ta(C) or ta(CP) (access time from rising edge 
of CAS). 


address (AO through A8) 


Eighteen address bits are required to decode 1 of 262,144 storage cell locations. Nine row-address bits 
are set up on pins AO through A8 and latched onto the chip by the row-address strobe (RAS). Then nine 
column-address bits are set up on pins AO through A8 and latched onto the chip by the column-address 
strobe (CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar 
to a chip enable in that it actives the sense amplifiers as well as the row decoder. The SMJ44C256 CAS 
is used as a chip select activating the output buffer, as well as latching the address bits into the column- 
address buffers. 


write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data input is disabled when the read mode is selected. When 
W goes low prior to CAS (early write), data out will remain in the high-impedance state for the entire cycle 
permitting a write operation with G grounded. 


data in (DQ1-DQ4) 


Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling 
edge of CAS or W strobes data into the on-chip data latch. In an early write cycle, W is brought low prior 
to CAS and the data is strobed in by CAS with setup and hold times referenced to this signal. In a delayed 
write or read-modify-write cycle, CAS will already be low, thus the data will be strobed in by W with setup 
and hold times referenced to this signal. In a delayed or read-modify-write cycle, G must be high to bring 
the output buffers to high impedance prior to impressing data on the 1/O lines. 
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data out (DQ1-DQ4) 


The three-state output buffer provides direct TTL compatability (no pull-up resistor required) with a fanout 
of two Series 54 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance 
(floating) state until CAS and G are brought low. In a read cycle the output becomes valid after the access 
timer interval tq(c) that begins with the negative transition of CAS as long as ta(R) and ta(CA) are satisfied. 
The output becomes valid after the access time has elapsed and remains valid while CAS and G are low. 
CAS or G going high returns it to a high-impedance state. This is accomplished by bringing G high prior 
to applying data, thus satisfying tq(GHD)- 


output enable (G) 


G controls the impedance of the output buffers. When G is high, the buffers will remain in the high-impedance 
state. Bringing G low during a normal cycle will activate the output buffers putting them in the low- 
impedance state. It is necessary for both G and CAS to be brought low for the output buffers to go 
into the low-impedance state. Once in the low-impedance state, they will remain in the low-impedance 
state until either G or CAS is brought high. 


refresh 


A refresh operation must be performed at least once every eight milliseconds to retain data. This can be 
achieved by strobing each of the 512 rows (AO-A8). A normal read or write cycle will refresh all bits in 
each row that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, 
thus conserving power as the output buffer remains in the high-impedance state. Externally generated 
addresses must be used for a RAS-only refresh. Hidden refresh may be performed while maintaining valid 
data at the output pin. This is accomplished by holding CAS at Vj,_ after a read operation and cycling RAS 
after a specified precharge period, similar to a RAS-only refresh cycle. 


CAS-before-RAS refresh 


CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS > [see parameter tq(CLRL)R! and 
holding it low after RAS falls [see parameter tq(RLCH)RI]. For successive CAS-before-RAS refresh cycles, 
CAS can remain low while cycling RAS. The external address is ignored and the refresh address is generated 
internally. The external address is also ignored during the hidden refresh option. 


power up 


To achieve proper device operation, an initial pause of 200 us followed by a minimum of eight initialization 
cycles is required after power up to the full VCC level. 


test function pin 


During normal device operation, the TF pin must be either disconnected or biased at a voltage less than 
or equal to VCC. 
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logic symbolt 


RAM 256K x 4 
AO 20D9/21D0 


(11) A 0 
(12) 262,143 


20D17/21D8 
> C20[/[ROW] 
(4) — G23/[REFRESH ROW] 
RAS 24(PWR DWN] 


~t> C21/COL] 
| 
eet 
bai. > 23C22 
WwW (3) 8 cers 24,25EN 
G (16) ps G25 
DQ1 (1) A,22D 
OE aes A,226 
poze CSCS 
Oe 
pa4 a 


TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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functional block diagram 


RAS AS W 


Le TIMING AND CONTROL 


Q| 


BUFFERS 
(9) 


256K ROW 256K 
ARRAY | DECODE | ARRAY 


SENSE AMPLIFIERS 


AO a 


nm Se Hay aT | 
a2 ne 
A3 Hh COLUMN 1/O 
“ 114» a00ness COLUMN DECODE perry 
A6 i) ea (3) rer | er 
a7_le FP our 
A8 REG. 
Ps ‘ 
256K ROW 256K 
ARRAY | DECODE [ARRAY 
DQ1 DQ4 


absolute maximum ratings over operating temperature range (unless otherwise noted) t 


Voltage range on any pin (see Note 1)... ..62cce cases cae ae eee eee weed eee eae -1Vto7V 
VOltdbe fTANGE OF VCO. cance cn sudeswa eee asi enna ea ek he Owe eee RO ae ew O's 6 OVto7V 
ShGtt GUCUM OCUTBUT GUITENE «0 2404 k bo ee Saeed ae eee hs Re TERED RE DRO ES 50 mA 
Peter SISSIOBON 6 668k bw dk EOE HOE EKO H ER TERE NER Se BEE OEE Oe oD 1W 
Operating TAriperatire (OSs fied ei ee eee he Eee EEE HE POSH DER =o" G to 126°C 
Storage temperature FANGS 2. ccc ice evade ewe ieee eee ee eR we —-65°C to 150°C 


TStresses beyond those listed under ‘’Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions”’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 


43 
TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON. TEXAS 77001 14-609 


SMJ440256 
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY 


recommended operating conditions 


Vcc Supply voltage | 4500 658 
Vss_Supply voltage a a 
ViH High-level input voltage 2.4 6.5 


L VERSION M VERSION 


Vi Low-level input voltage (see Note 2) 
Ta Operating free-air temperature 
Tc Case temperature 


NOTE 2: The algebraic convention, where the negative (less positive) limit is designated as maximum, is used in this data sheet for logic 
voltage levels only. 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


TEST SMJ44C256-10 | SMJ44C256-12 | SMJ44C256-15 
PARAMETER UNIT 
CONDITIONS 


VOH_ High-level output voltage High- VOH_ High-level output voltage output voltage oH = —- 5mA | 24 
VoL Low-level output voltage | lo, = 4.2 mA fF 04 


= OVto 5.8 V, Vcc = 
Input current (leakage) +10 
all other pins = O V to on 
= OV to Vcc, V = 6.5 V, 
Output current (leakage) Chr sce +10 
a high 
= minimum 
| Read/write cycle current ‘c(rdW) = ‘ 70 
cel ene Vec = 5.5 V 


After 1 memory cycle, 
Ilcc2 Standby current seenonte mene « 3 
RAS and CAS high, Viy = 2.4 V 
te(rdW) = Minimum, Vcc = 
| Average refresh current | —— eeeea 
cC3 ae RAS cycling, CAS high 
tc(P) = minimum, Vcc = 5.5 V, 
| Average page current Geteceies aciaas 
cc4 BO RAS low, CAS cycling 
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capacitance over recommended supply voltage range at 25°C, f = 1 MHz, (see Note 3) 


Input capacitance, strobe inputs 
Input capacitance, write-enable input 
Output capacitance 


NOTE 3: Vcc equal to 5.0 V + 0.5 V and tahe bias on pins under test is 0.0 V. 
+Capacitance is sampled only at initial design and after any major change. 


switching characteristics over recommended supply voltage range and operating temperature range 
(see Figure 1) 


ALT. 


PARAMETER 
SYMBOL 


talCP) Access time from column precharge | tcap__| 80: | —~—s8O +t SSCS 


- Output disable time after CAS ; 6 5% 
dis(CH) high (see Note 4) OFF 


Output disable time after G 
high (see Note 4) 


NOTE 4: tqis(CH) 2nd tdis(G) are specified when the output is no longer driven. 
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timing requirements over recommended coun —— range and operating temperature range 


SMJ44C256-10 | SMJ44C256-12 | SMJ44C256-15 
SYMBOL 


‘ Page-mode read or write 
c(P) cycle time (see Note 7) 


UNIT 


it 


20 
20 
05 


W] NM 


tw(CH) ___ Pulse duration, CAS high “a a 
twiCL} Pulse duration, CAS low (see Note 8) 10,000 10,000 
tw(RH) Pulse duration RAS high (precharge) | trp | / 100 


Non- -mod Ise duration, 
ee eae sone pe eRe tRAS 100 10,000} 120 10,000] 150 10,000 


RAS low (see Note 9) 
Page-mode pulse duration, 
t aera t 100 100,000 120 100,000 150 100,000 
w(RL)P RAS low (see Note 9) RASP ——— 


tw(WL) Write pulse duration | twp | 


: Data setup time before 
su(D) W low (see Note 10) 
tsu(rd) Read setup time before CAS low 


; W-low setup time before ; 
| ‘su(WCL) CAS low (see Note 11) wwGS 
, Column-address hold time after : 
h(CA) CAS low (see Note 10) CAH 


th(RA) Row-address hold time after RAS low 


‘ Column-address hold time after RAS low 
h(RLCA) (see Note 12) 
th(D) Data hold time after CAS low (see Note 10) i 


th(RLD) Data hold time after RAS low (see Note 12) 


Continued next page. 
NOTES: 5. Timing measurements are referenced to Vj, max and Vj min. 
6. Allcycle times assume ty = 5ns. 
7. te(P) > twiCH) Min + twi(CL) Min + 2 tr. 
8. Inaread-modify-write cycle, tq(CLWL) 4Nd tgu(WCH) Must be observed. Depending on the user’s transition times, this may require 
additional CAS low time [tw (CL)]. 
9. Inaread-modify-write cycle, tq(RLWL) 29d tsu(WRH) Must be observed. Depending on the user’s transition times, this may require 
additional RAS low time [tw(RL)I- 
10. Later of CAS or W in write operations. 
11. Early write operation only. 
12. The minimum value is measured when tq(RLCL) is set to tq(RLCL) Min as a reference. 
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timing requirements over recommended supply voltage range and operating temperature range 


(concluded) 
ALT. SMJ44C256-10 | SMJ44C256-12| SMJ44C256-15| 


SYMBOL 
tRCH 
tRRH 
tWCH 


wer | 75 | 90 


th(CHrd) Read hold time after CAS high (see Note 14) 
th(RHrd) Read hold time after RAS high (see Note 14) 
th(CLW) Write hold time after CAS low (see Note 11) 


th(RLW) Write hold time after RAS low (see Note 12) | 105s 
td(RLCH) _ Delay time, RAS low to CAS high tCSH 100 | 120 «= | 150s 
td(CHRL) Delay time, CAS high to RAS low tcRP ee ee ee 
td(CLRH) Delay time, CAS low to RAS high tRSH 25 | 30 =i 0s 
td(CLWL) _ Delay time, CAS low to Wlow (see Note 15)|_ tcwp 70 | go | go | 
tinea Delay time, RAS low to CAS low _— 30 5 30 90 30 116 
(see Note 13) 
Delay time, RAS low to column address 
td(RLCA) tRAD 20 55 20 65 25 80 


(see Note 13) 


td(CARH) Delay time, column address to RAS high tRAL 
td(CACH) Delay time, column address to CAS high tCAL 
td(RLWL) Delay time, RAS low to W low (see Note 15)}_ = trwp 


Delay time, column address to W low 


t t 
d(CAWL) (see Note 15) AWD 


td(GHD) Delay time, G high before data at DO tGDD 


Ll 
= —— A 


td(GLRH) Delay time, G low to RAS high tGSR 


N 
ol 
w 
p ~ 


Ww 
o) 


td(RLCH)R tCHR 


Delay time, RAS low to 
25 25 30 


CAS high (see Note 16) 
Delay time, CAS low to 
RAS low (see Note 16) 
oe Delay time, RAS high to 
CAS low (see Note 16) 


trf Refresh time interval 


td(CLRL)R tCSR 


= 
o1 


tRPC 


” 


tREF 


NOTES: 11. Early write operation only. 
12. The minimum value is measured when tq(RLCL) is set to tq(RLCL) Min as a reference. 
13. Maximum value specified only to guarantee access time. 
14. Either th(RHrd) or th(CHrd) must be satisfied for a read cycle. 
15. Read-modify-write operation only. 
16. CAS-before-RAS refresh only. 
17. System transition times (rise and fall) are to be a minimum of 3 ns and a maximum of 50 ns. 
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PARAMETER MEASUREMENT INFORMATION 


1.31V Vec = 5V 

Ry = 218 2 Ry = 8282 
OUTPUT OUTPUT 
UNDER UNDER 
TEST TEST 

Toe CL = 80 pF Pe ree 

(a) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT 


FIGURE 1. LOAD CIRCUITS FOR TIMING PARAMETERS 


read cycle timing 


a i VIH 
qAS \ i; | 
| | | ViL 
7 ae oe) i er | 
| bee——- tg(RLCL) ated | | sialic | 
[(_——— LC — icHRL 
| twitch) —=|] ides 
CAS | | | | | : | | 
| ae Vv 
| | . I-38 | IL 
pF gIRLCAS | i | St twicx#) ————4 
; | e+ t5u(CAl tae 
HIRA}—et fe pe icAcH}—a | ot | 
. 4 Sens ro 
—=| PS tsulRA) $+ taicanei i | 
| i) 
[x Ai VVV VY JV \V/ Ay ¥ | H 
Oi nae aan A XKXY ” 
| 
| ke ts, : emt thica) | | FR? thiRHrd) 
ee thiCHrd) : 
= 6: "AVATATATAVATAT, ¢ y TOTTI VUV VU eH ed lH 
W DON'T CARE ¢ XX XX X) 
Y ! ! NA A RAK KYRYY) 
| a 
| | | ‘alC) | + tgisicH) ———4Y1 
| eed.” >: | ae | | 
| ‘NOTE 7 NOTE “OH 


| 
| 
be =+- tdis(G) 
7 HIGLRH| | ’ 
l IH 
a \ y, 
VIL 
NOTE 17: Output may go from high impedance to an invalid data state prior to the specified access time. 
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early write cycle timing 


tc(W) | 


i mam: VIH 
RAS 
—e | | 


roe taiGLRA) 
| -—— td(RLCL) ee bet ———— td CHRL) ————> 
! k———— tw} _ | | 
Co a | | 
ARE | | | ViH 
AS 
— It tsuira) | a ViL 
| | td(C ACH) ——————>|_ | 
| | prt np td(CARH) pn 
' | -™— e+ tsu(CA) | l 
: | 


A0-A8 


| 
(XXX KITV XXX VIH 
| COLUMN [XX XXX DON'T CARE 
{\ XXX XAAAAKAAKN {\, Vit 
| | thiCA) | 
Lp eet ty(RLCA) 


| 
: fpf 1 teu) 
oS Rs i ee 


fats LAN) 
XX KIKI RI XX PN peoo— Sh(CLW) (xX XX XXX XXX MITT UVV XK KKK KKK ) 
BeDONT CARE AR ef Fiswiwcus RARER RANSON EAREX ARAN, 


=| 


SP 


| tbe thiD) = 
————————— th(RLD) —————_ 
tsu(D) ——> | tive 
DQ1 , \/ xxx) x XX \/ XK XXX K KX XK XX \/ XX S\/J\/ KX \/ XX XX XK X 
Dae Se RRO oR OO CAESAR NR 


XX KX VV/ KKK \/\/ XK XX XK XX XXX  X VJ V/V/V Vavavad, KX eee ee xX XXX \/ xXx xX V/\/ XX \/ xX \/ 
RR RK ROY Xx DON'T CARE XXX KEY 


XXX KKK KKK KKK (VAVAVA QD LALANALALALNLALS (NZNL\ OLVALALS (VNNAAZLY 


ep) 


XX 
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write cycle timing 


Perera eee ee ee ee ee 
| be $$ ——_——_——_—_—_———-1 (RL) —————_4 ; 
| - | VIH 
RAS AN VA | 
| : | Vit 
tel Lintee'l —————$_—_ eer | 
| [—— ‘d(RLCL) a. k-—+— td(CHRL) 
1 -—=—$£_——_——————— tairRLCH) x |__| 
! a ie VIH 
CAS ! : i\! l | | 
| | | | |S Vit 
_ 'su(C A) —-<—_—_—+m | l tice 
thiRA) > or) 
—Al eR tsyipa) 9 + — tac ach) —— | 
, —|_——*hiRLCAI 7-4 7 | 
VV \/ \/ \/ VIH 
A0-A8 () 
ViL 


1 
td(RLCA) +————wy___ thiCA) ™ 


= 
Pa 


tsu(WRH) 


| tsu(D) 4 tie 
arent eA. 


XX Ta, . 6:4 
iY YY 


OL) 


Vit’ VO 


ke — td(GHD) ——=4 


NOTE 10: Later of CAS or W in write operation. 
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read-write/read-modify-write cycle timing 


8 $$ be dw) RA - - | 
| M$ $$$ tw (RL) —— 


| 7 ViH 
RAS \ f' : \ 
l | Vit 


—o| | tt j~_m————————— tw(CL) ————_ | | i tw(RH) am 
| ro tail) ——= ! | tdiCHRL| ——>t ee 
CAS | \! 
| rta(RLCAl | VIL 
th(RA) —e—om} Pisce 
= lertsuiRa) | 


Sakae See 


: \/ 
AO-A8 4 x COLUMN | 
: A A AWs NANA AL f\ {* f\ aK VIL 
| thica) +> Fe tsu(WCH) | 
at Rican tsu(WRH) ——™4 
t t a 
| ead 8 d(CLWL) he twit ViH 
: | 
WwW 
| VIL 


—— ta(RLWL-———— -~-———— tip) — 
| ts) —>4 


DQ1 7, rT YY TAA ATA Ay, VV ¥Y 7, x ¥ ¥ YVY ViH/VOH 
; | VALID OUT 
DQ4 XXXxXX AA AALAAAL AL (MAA awe & Vir/VOL 
| be t5(C) ee 
| me taiCAa) | 


| 
ne. ine = td(GHD) 


be ta(G) —=1 VIH 
VIL 


| 
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enhanced page-mode read cycle timing 


VIH 
ee ener ae : 
| VIL 


RAS 7 | 
| | | Pty 
| an ta(RLCL) ) , = td(CHRL) —" 
| a td(RLCH) — t g | ar : | | 
Leet ol 
| | ‘w(CL) T 2 tee be— taiCLRH)—4_ | 
| | | : Vin 
CAS | | | lf! | l | 
1 | | | | | 
| I i, : | io 
| l th(RLCA) ; en a | = td(CACH) "1 : : l 
I 
eet tsu(RA) pt tsu(CA) | ! . | : 
| l LL —— (giant 
| m thera; | et = trica) | | 
PITT TTIY (KY VYVYVVVVYX VIH 
(NZALVANANLZNZLS AVA AAV AVAVAVAVAVAVAVA VIL 
! | 
[| | 7 | . k= thi(CHrd) —"A1 
_ VIH 
Ww | | l | 
: | 7 | m=taiCA)-— : Vit 
| | a : NOTE 19 | : 
| -— taica) —s K—  taicP) —= —— tdis(CH) 
a TY NOTE 19 l 
DQ1- NOTE 17 NOTE 18 VOH 
| | VOL 
—— ta(G) ————| —- tdis(G) 
G 


| VIH 
| 
ViL 
NOTES: 17. Output may go from high impedance to an invalid data state prior to the specified access time. 
18. A write cycle or read-modify-write cycle can be mixed with the read cycles as long as the write and read-modify-write timing 


specifications are not violated. 
19. Access time is ta(Cp) Or ta(c a) dependent. 
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enhanced page-mode write cycle timing 


Fy twiRKil 
| | 


| | ViH 
RAS \ M | '\ 
| Vv 
| 1 | IL 
1 enh. seer l—taicrrH—>] || 
| | twicL) += | = 
— ieceapememinil DS cee. a a ae td(CHRL) "4 
(| d(RLCL) | | Ke twiCH) | | l 
| : ! Vi 
one 7 \Y | | | 
ry | VIL 
| : tsu(CA)—O Fly _ | | | 
1 ae ' td(CACH) 4 
| *— tyra) =o thica)->——} i ———tsicaRH}} | 
Tet tourna) ito | | | | 7 
[AT ATATATATATAT AAS VIH 
‘\ s/\ /\ /\ a f\ s\ £\ 40a Vit 
| | 1 
bs pie ony et PO tsuiweH) 7 
| : tw(WL) = tsu(WRH) ~~" 
TATA ATATAT AT ATATATATATATAST ATA h(RLW) iF VV 9, V 
XYXXX DON'T CARE CX UX |: | | AKA? \ () un 
w DON'T CARE | ' ‘ DON’T CA 
WN SARE OY ANY . AY XY vy, 
7 | : -——Fthio) 
| : 4 NOTE 21 | 
ee. 
, 3 | 
| 
| 
| 
: Vv 
DQ1- IKXXKXKAY IH 
pad ON, 
VIL 
— K*— td(GHD) 
VIH 
G 
VIL 


NOTES: 20. Areadcycle oraread-modify-write cycle can be intermixed with the write cycles as long as the read and read-modify-write timing 
specifications are not violated. 
21. Referenced to CAS or W, whichever occurs last. 
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enhanced page-mode read-modify-write cycle timing 


tw(RH) =] —— 


— ore. .\ eee, ViH 
RAS | | : 
| ) é | ViL 
: | s *c(PM) — aes td(CLRH) > | 
a RL) | 
| ‘ ——‘| | et tc) td(CHRL) +> 
| F*—— td(RLCL) oo 1 | | | | 
| | 1 twiCl) “7 | | | | 
GAS | | l VIH 
CAS | | | f | | 
| l | | Vv 
Lt a thiRLCA) +—— | : | sa 
thiRA) 7 | ———* thica) | | 
tsu(RA)— | AE tsu(Ca) | | : | 
ta(RLCA) ne | | ; | 
) SO 0 coxerrirrdrreres: Ye 
A0-A8 COLUMN | ’ ' 
WW NY, XXL EARS A ALRYD 
| | IL 
! r+ ta(CAwt) —— | | 
| | t 
| (>). wey 7 tsu(WCH) “= 7 
tsu(rd) a tom| | | | WARN = t—  tsu(WRH) 
jot —_+—_ td(RLWL) ae | l 
VV | VVVV VY ye 
we Or - | | 000 Omnia 
AL l | | | {\ XX AL VIL 
| l | tsu(D) 4 SE 
| | | —=——+ th(D) 
| NOTE 17 -=——— taicp)| ————*4'_ NOTE 17 y 
DQ1- VUWUVYV VY XXX Vy V VV IH 
aoe C0 we ; 
| cm tate) | | s 
tdis(G) 
: h-——e+- ta(ca) | " l 
}<.—_—_——_—to— 
h— tair) a "diGHD} | 7 
re = iG) 7 \ 7 a 
; VIL 


NOTES: 17. Output may go from high impedance to an invalid data state prior to the specified access time. 
22. Areadora write cycle can be intermixed with read-modify-write cycles as long as the read and write cycle timing specifications 
are not violated. 
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RAS-only refresh timing 


. iT 
j = twikli l 


| V 
— KKK KKK VAVAy, v Vata, YXX KX XX XY CKX AY IH 
TS IRR CAPERS R SRY | ses i" 
tsu(RA) —-—-—_oy_| 
| 


}2——em}— th (RA) 


1 
V 
TIVO AIT ITY VYVUYV VS IH 
AO-A8 WY DON'T CARE XXX row KX DON’T CARE wy ROW 
XXX A ADAADAKKKKS XXKAKLAAAAKKY VIL 


PEOCOCCCCCECCCUCECUCEUCECCECEREAEEADCOUUCUCECEUUCCECUUCEECEE EH 
% RIB NRK R Re ARS RRR RRR RRR RRR 


ViH/VOH 


DQ1 xx \/ xx XXX X XXX KX KKK XM \/ XX VYY YVVY KKK KX \/ XK XXX KKK KX KKK KK KKK KK 
Bas BIRR IRR RR RRO CARE RRR RRR RAR RRR. 


VIH 
SRR RK RY ys OON'T CARE RXR RRS RO 


XKKKKAKAX LL LV\LVEALS IMD LALADLALALALALE LS XKAKKAKAAKAAKKAAXK ViL 
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hidden refresh cycle (enhanced page mode) 


REFRESH CYCLE ——=~ 
‘lla cycee—ef l= — REFRESH CYCLE=———s4 


re twi RL) I> twiRH) retwiRL) er | 
1 | | 


| 
one | ! | | | 7 
RAS | \/| 
| | VIL 
| | 
| | 


| td(RLCH)R =» 


| 

tt ean 
| ™ ViH 

CAS | IN | 
bE VIL 


| 
rm me thir) | 
t 
t 
i. et su(CA) 


| 
| I rim] mthica 
roth | | | 


J! 7 l | 
BXXKK RO TP LKRK RRR KKKK ERK 
OWN COU RRR R RRR RRR CREAR ORR in oe aR 


YKYKY YK YOK 


| | 
tsu(rd) oe! | | 
| j | — P— th(RHrd) | 


am -- VIH 
= XXX COCCEEE YECCCCECEEES. Vay, Vavat ay, xxXy KKK KX VV/ COO) 
i Ae ORR RRR a CARE RS RRR RRR RY ™ 
| | 


| 
‘as — tac) ) 


| 

| 

| 

| ; 
| oem 'a(CA) tdis(CH | 

me ta(R) ee | 


| Vin/VOH 
ipa VALID DATA | 
pa4 
Vit/VoOL 


—————- tdis(G) ————" 


ASU 
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automatic (CAS-before-RAS) refresh cycle timing 


2 nn... ane 
[— twiRH) —*] 


fg $$ mp $$ $$ by R$ A 
omen | | ViIH 
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l VIL 
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” 
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VIH 
DQ1- 
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DECEMBER 1988 — REVISED DECEMBER 1989 


1,048,576 x 1 Organization JD PACKAGE 
(TOP VIEW) 


Single 5-V Supply (10% Tolerance) 


— 55°C to 125°C Operating Temperature 
Range 


@ Performance Ranges: 
ACCESS ACCESS ACCESS READ 
TIME TIME TIME OR 


ta(R) ta(C) = ta(ca) WRITE 
(trac) (tcac) (tcaa) CYCLE 
(MAX) (MAX) (MAX) = (MIN) 


SMJ4C1024-10 100 ns 25 ns 45 ns 190ns 
SMJ4C1024-12 120 ns 30 ns 55 ns 220ns 
SMJ4C1024-15 150 ns 40 ns 7Ons 260ns 


@ SMJ4C1024—Enhanced Page Mode Operation 
for Faster Memory Access 
— Higher Data Bandwidth than Conventional 
Page-Mode Parts 


HJ AND FQ PACKAGESt HK PACKAGE 
(TOP VIEW) (TOP VIEW) 


, 
2 
— Random Single-Bit Access Within a Row RAS C3 CAS 
with a Column Address TF 14 NC 
NC 5 AY 
@ One of TI’s CMOS Megabit DRAM Family Including: AO 6 Ag 
SMJ44C256—256K x 4 Enhanced Page Mode Al 7 A7 
A2 8 A6 
9 


CAS-Before-RAS Refresh 


@ Long Refresh Period . . . 512-Cycle Refresh in Vcc 10 A4 
8 ms (Max) 
@ 3-State Unlatched Output 
@ Low Power Dissipation tThe packages shown here are for pinout reference only. 
@ Texas Instruments EPIC™ CMOS Process The HJ and FQ packages are actually 75% of the length 
of the JD package. 
@ All Inputs and Clocks Are TTL Compatible 
@ Packaging Offered: Address Inputs 
— 18-Pin 300-Mil Ceramic DIP CAS Column-Addrss Strobe 
— 20-Lead Ceramic Surface Mount Package Data In 
(HJ Suffix) No Connection 
— 20-Terminal Leadless Ceramic Surface Data Out 
Mount Package (FQ Suffix) RAS Row-Address Strobe 
— 20-Lead Flat Pack (HK Suffix) Test Function 
® High-Reliability Class B Processing alanis 
5-V Supply 
description Seung 


The SMJ4C 1024 is a high-speed, 1,048,576-bit dynamic random-access memory organized as 1,048,576 
words of one bit each. It employs state-of-the-art EPIC™ (Enhanced Performance Implanted CMOS) 
technology for high performance, reliability, and low power at a low cost. 


These devices feature maximum RAS access times of 100 ns, 120 ns, and 150 ns. Maximum power 
dissipation is as low as 385 mW operating and 16.5 mW standby on 100 ns devices. 


EPIC is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA documents contain information P Copyright © 1988, Texas Instruments Incorporated 
current as of publication date. Products conform 4 

to specifications per the terms of Texas Instruments TEXAS 

standard warranty. Production processing does not 

necessarily include testing of all parameters. INSTRUMENTS 
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The EPIC™ technology permits operation from a single 5-V supply, reducing system power supply and 
decoupling requirements, and easing board layout. Ipp peaks are 140 mA typical, and a — 1-V input voltage 
undershoot can be tolerated, minimizing system noise considerations. 


Allinputs and outputs, including clocks, are compatible with Series 54 TTL. All addresses and data-in lines 
are latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility. 


The SMJ4C 1024 is offered in 18-pin ceramic dual-in-line (JD suffix) and 20-terminal ceramic leadless carrier, 
20-pin leaded carrier, and 20-pin flatpack. They are guaranteed for operation from —55°C to 125°C. 


operation 
enhanced page mode 


Enhanced page-mode operation allows faster memory access by keeping the same row address while 
selecting random column addresses. The time for row-address setup and hold and address multiplex is 
thus eliminated. The maximum number of columns that may be accessed is determined by the maximum 
RAS low time and the CAS page cycle time used. With minimum CAS page cycle time, all 1024 columns 
specified by column addresses AO through AQ can be accessed without intervening RAS cycles. 


Unlike conventional page-mode DRAMs, the column-address buffers in this device are activated on the 
falling edge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling 
edge of CAS latches the column addresses. This feature allows the SMJ4C1024 to operate at a higher 
data bandwidth than conventional page-mode parts, since data retrieval begins as soon as column address 
is valid rather than when CAS transitions low. This performance improvement is referred to as ‘‘enhanced 
page mode.”’ Valid column address may be presented immediately after row address hold time has been 
satisfied, usually well in advance of the falling edge of CAS. In this case, data is obtained after ta(C) max 
(access time from CAS low), if ta(cA) max (access time from column address) has been satisfied. In the 
event that column addresses for the next page cycle are valid at the time CAS goes high, access time 
for the next cycle is determined by the later occurrence of ta(C) or ta(CP) (access time from rising edge 
of CAS.) 


address (AO through AQ) 


Twenty address bits are required to decode 1 of 1,048,576 storage cell locations. Ten row-address bits 
are set up on inputs AO through AQ and latched onto the chip by the row-address strobe (RAS). The 
ten column-address bits are set up on pins AO through AQ and latched onto the chip by the column-address 
strobe (CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar 
to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a 
chip select activating the output buffer, as well as latching the address bits into the column-address buffer. 


write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data input is disabled when the read mode is selected. When 
W goes iow prior to CAS (early write), data out will remain in the high-impedance state for the entire cycle, 
permitting common I/O operation. 


data in (D) 


Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling 
edge of CAS or W strobes data into the on-chip data latch. In an early write cycle, W is brought low prior 
to CAS and the data is strobed in by CAS with setup and hold times referenced to this signal. In a delayed- 
write or read-modify-write cycle, CAS will already be low, thus the data will be strobed in by W with setup 
and hold times referenced to this signal. 
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data out (Q) 


The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fanout 
of two Series 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance 
(floating) state until CAS is brought low. In a read cycle the output becomes valid after the access time 
interval ta(C) that begins with the negative transition of CAS as long as ta(R) and ta(CA) are satisfied. 
The output becomes valid after the access time has elapsed and remains valid while CAS is low; CAS 
going high returns it to a high-impedance state. In a delayed-write or read-modify-write cycle, the output 
will follow the sequence for the read cycle. 


refresh 


A refresh operation must be performed at least once every eight milliseconds to retain data. This can be 
achieved by strobing each of the 512 rows (AO-A8). A normal read or write cycle will refresh all bits in 
each row that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, 
thus conserving power as the output buffer remains in the high-impedance state. Externally generated 
addresses must be used for a RAS-only refresh. Hidden refresh may be performed while maintaining valid 
data at the output pin. This is accomplished by holding CAS at Vj, after a read operation and cycling RAS 
after a specified precharge period, similar to a RAS-only refresh cycle. 


CAS-before-RAS refresh 


CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS > [see parameter tq(CLRL)R! and 
holding it low after RAS falls [see parameter td(RLCH)RI. For successive CAS-before-RAS refresh cycles, 
CAS can remain low while cycling RAS. The external address is ignored and the refresh address is generated 
internally. The external address is also ignored during the hidden refresh cycles. 


power up 


To achieve proper device operation, an initial pause of 200 us followed by a minimum of eight initialization 
cycles is required after full Vcc level is achieved. 
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logic symbolT 


RAM 1024K x 1 
20D10/21D0 


) 


A 7,048,575 


20D19/21D9 


TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
The pin numbers shown are for the 18-pin dual-in-line package. 


functional block diagram 


1/0 
BUFFERS 


256K ROW 256K 
ARRAY | DECODE | ARRAY 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 


Voltage range On any Pin .. 1... ee eee -1Vto7V 
WOMA0G TONGS ON VCS chance ceed cess eesti ewe eet Hews de on Oh eo Sorte Od H 55 28% -1Vto7V 
Snort CUCU GUIDUE CUITGNE 2.4 cc dcw esc cba cade epi ea neon cw P ERAS EAE DOS EO EER EE EO 50 mA 
So 2 ne ee ee a a ee ee ae ee ee 1W 
Operating temperature Tange «4 cc cc be sce ew ine ee eee de deer eeeaneaee ees — 55°C to 125°C 
Storage temperature range ............ ce ee ee eee —65°C to 150°C 


T Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘’Recommended Operating 
Conditions”’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device relaibility. 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 


OM max] UNIT 
Vcc Supply voltage (45 5 5.5] V | 
ViH High-level input voltage V 
Vit Low-level input voltage (see Note 2) Si) ae 


Ta Minimum operating free-air temperature 
te 


Maximum operating case temperature 


NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 
for logic voltage levels only. 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


SMJ4C1024-10} SMJ4C1024-12 | SMJ4C1024-1 
PARAMETER TEST CONDITIONS ae UNIT 


Vou High-level output voltage_| Ion = —5 mA 
VoL Low-level output voltage lol = 4.2 mA | 4 | 


Vi; = OV to 6.5 V, Vcc = BV, 
I Input current (leakage) ; ; +10 +10 +10 pA 
All other input pins = O V to Vcc 
Vo = OVto Vcc, Vcc = 5.5 V, 
| Output t (leak sees £10 +10 +10 A 
O utput current (leakage) CAS high mM 


' After 1 memory cycle, 3 3 3 r 
cee ees m 
ioe sane hy Burret RAS and CAS high, Vip = 2.4 V 
A — ‘ Minimum cycle, Vcc = 5.5 V, A 
refresh curren cane ieee m 
CGS swereg? RAS cycling, CAS high 
t = minimum, V = 
Icc4 Average page current c(P) cc 


RAS low, CAS cycling 
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capacitance over recommended supply range at 25°C, f = 1 MHz (see Note 3) 


PARAMETER? MIN TYP] UNIT 


Cj(A) Input capacitance, address inputs 


Cj(p) Input capacitance, data input 


Ci(RC) Input capacitance, strobe inputs 


Ci(w) '!nput capacitance, write-enable input 


Co Output capacitance 


tT Capacitance is sampled only at initial design and after any major change. 
NOTE 3. Vcc equal to 5.0 V + 0.5 V and the bias on the pins under test is 0.0 V. 


switching characteristics over recommended supply voltage range and operating temperature range 
(see Figure 1) 


SMJ4C1024-10 | SMJ4C1024-12 | SMJ4C 1024-15 
PARAMETER 
SYMBOL 


ta(C) __Access time from CAS low 


ta(CP) | Access time from column precharge 
tdis(CH) Output disable time after CAS high (see Note 4) 


NOTE 4:  tdis(CH) is specified when the output is no longer driven. 
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timing requirements over recommended supply voltage range and operating temperature range 


T. |SMJ4C1024-10 | SMJ4C1024-12 | SMJ4C 1024-15 
— sympou [MIN MAX [MIN MAX wae 


L 
te(rd) Read cycle time (see Note 6) c 
tce(W) Write cycle time ee 
te(rdw) Read-write/read-modify-write cycle time 
te(P) Page-mode read or write cycle time (see Note 7) 

P 
RP 


i ’ 
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i) 
jo) 
i) 
Oo 
jo) 


NO 
oO 


= N 
WwW o 
ol oO 


p 
(@) 


40 10,000 


; i 10 
tw(CL) Pulse duration, CAS low (see Note 8) tcAS 25 10,000 30 10,000 


Non-page-mode pulse duration, RAS low 
t t 100 10,000 120 10,000 150 10,000 
siden (see Note 9) RAS 


tw(RL)P Page-mode pulse duration, RAS low (see Note 9)|_ trasp 100 100,000 120 100,000 
tsu(CA) Column-address setup time before CAS low tasc 
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0 
td(CLWL) Delay time, CAS low to W low (see Note 13) /tewo | 25 | 40 
td(RLCL) Delay time, RAS low to CAS low (see Note 14) 28 75| 28 90] 33 11 
55 20 65 
Continued next page. 
NOTES: _ 
5. Timing measurements in this table are referenced to Vj, max 10. Before the later of CAS or W in write operations. 
and Vip min. 11. Early write operation only. 
6. All cycle times assume ty = 5 ns. 12. The minimum value is measured when tq(RLCL) is set to 
7. To guarantee t,(p) min, ta(cA) Must be observed. td(RLCL) min as a reference. 
8. In aread-modify-write cycle, tq(CLWL) 49d tsu(WCH) 13. Read-modify-write operation only. 
must be observed. 14. Maximum value specified only to guarantee access time. 
9. In aread-modify-write cycle, tq(RLWL) 2Nd tsu(WRH) 15. Either th(RHrd) OF th(CHrd) Must be satisfied for a read cycle. 


must be observed. 
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timing requirements over recommended supply voltage range and operating temperature range (concluded) 


SMJ4C1024-10 | SMJ4C1024-12 | SMJ4C1024-15 
isnmeiaies [MIN MAX | MIN MAX | —~- 


NOTES: 13. Read-modify-write operation only. 
16. CAS-before-RAS refresh only. 
17. System transition times (rise and fall) for RAS and CAS are to be a minimum of 3 ns and a maximum of 50 ns. 


PARAMETER MEASUREMENT INFORMATION 
V 
loH/IOL 
OUTPUT 
UNDER TEST 
T Ci = 80 pF 


FIGURE 1. EQUIVALENT LOAD CIRCUIT 
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read cycle timing 
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early write cycle timing 
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write cycle timing 
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read-write read-modify-write cycle timing 
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enhanced page-mode read cycle timing 
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NOTES: 18. A write cycle or a read-modify-write cycle can be mixed with the read cycles as long as the write and read-modify-write 
timing specifications are not violated. 
19. Access time is ta(cp) or ta(c A) dependent. 
20. Output may go from three-state to an invalid data state prior to the specified access time. 
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enhanced page-mode write cycle timing 
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NOTES: 21. Aread cycle or a read-modify-write cycle can be intermixed with write cycles as long as read and read-modify-write timing 
specifications are not violated. 
22. Referenced to CAS or W, whichever occurs last. 
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enhanced page-mode read-modify-write cycle timing 
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NOTES: 23. Aread or a write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications 


are not violated. 


24. Output may go from three-state to an invalid data state prior to the specified access time. 
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RAS only refresh timing 
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hidden refresh cycle 
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automatic (CAS-before-RAS) refresh timing 
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SUPPORT LITERATURE AVAILABLE 
The following literature is available from Texas Instruments for assistance in DRAM design. Please contact your 
local Tl sales office to obtain a copy. 
1 MEGABIT DRAM FAMILY DATA SHEETS 
° SMJ44C256 — Specifications for the 1 Megabit DRAM organized 256K x 4 with enhanced page 
mode access. (SMGS256) 
DESIGN CONSIDERATIONS 
e Megabit DRAM Topology — The information in this report is useful in developing algorithms for cell 
sensitivity tests on TI's 1 Megabit DRAM configurations. 
TECHNICAL ARTICLE REPRINTS 


* 1 Megabit Memories Demand New Design Choices — Discusses technical, technological, operational, 
and packaging issues pertaining to Megabit DRAMs. (SMZY018) 


e 1-Megabit DRAMs Spark Tech Advances — Integrated circuit designers are proposing technological 
changes promising to significantly alter the design and layout landscape of the next generation of 
memory boards. (SMZYO20) 
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SNOOK20FD, SNOOK28FD, SNOOK44FD, SNOOK68FD 
LEADLESS CERAMIC CHIP CARRIER THERMAL 
RESISTANCE/K-FACTOR EVALUATION DEVICES 


D3330, MAY 1984—REVISED OCTOBER 1989 
RESISTANCE/K-FACTOR EVALUATION DEVICES 


@® Temperature-Sensitive Element (TSE) @ Unused Bond Pads Daisy-Chain Bonded for 


@ Isolated Power-Up Resistor Network Continuity Monitoring 
description 


The SNOOK20FD, SNOOK28FD, SNOOK44FD, and SNOOK68FD are a family of thermal evaluation devices 
that are useful in thermal modeling of surface-mount assemblies utilizing leadless ceramic chip carriers. 
They are particularly useful for full characterization of various PC board materials and can provide data 
necessary for selecting the best PC board material for a specific application. The product family is offered 
in the square logic/linear IC packages identified by the suffix FD. 


operation 
These leadless chip carrier K-factor devices consist of three distinct partitions: 
¢ Temperature-sensing unit 


e Resistor network 
e Daisy-chain connections 


Figure 1 illustrates the temperature-sensing element and the resistor network. 


TTemperature-sensing element 


FIGURE 1 


. Copyright © 1989, Texas Instruments Incorporated 
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temperature-sensing element 


The temperature-sensing element (TSE) is basically a transistor with the collector shorted to the base. 
The emitter-base diode is forward biased and the resultant VBE value is used as an indicator of junction 
temperature. Figure 2 illustrates the test-circuit connections for measuring VBE. The following procedure 
describes how to develop a VBE vs temperature plot: 


1. 
2 


3. 


Measure VpeE at IBE = 1 MA, TA = 25°C. 

Measure VpF at IBF = 1MmA, Ta = 65°C (or any elevated temperature). Use an oven for elevating 
the temperature. Make certain the temperture has fully stabilized. 

Using the two measurements, construct a plot of VBE vs temperature. Vpe will change linearly with 
temperature so long as the measuring current IBF is held constant. Figure 3 illustrates a VBE vs 
temperature plot. 


TTemperature-sensing element 


tDashed lines indicate external circuit connection. 


FIGURE 2 


AMBIENT 


VBE1 


VBE2 


VBE3 


25° ? 65° 
T4 T2 


TEMPERATURE OF K-FACTOR BAR (°C) 


FIGURE 3 
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resistor network 


Figure 1 illustrates the resistor network that is used to power up the K-factor device. Note that 
R1=R2=R3=R4=5002 + 20%. Figure 4 illustrates a partially complete circuit for powering the K-factor 
device. How the circuit is completed depends on the particular K-factor device being used and the available 
power supply. 


Y 


The resistance network can be configured as follows: 


1. Ground Node X; leave Z open. The resultant 
resistance is 200 0). 

2. Ground Node Z; leave X open. The resultant 
resistance is 100 0). 

3. Ground Node Z; connect X to Y. The resultant 
resistance is 50 Q). 


Be certain the maximum junction temperature of 125°C 
is not exceeded. 


APPLIED 
VOLTAGE -> 


t Dashed lines indicate test circuit 
external connection. 


FIGURE 4 


thermal calculations 


Each K-factor device should be serialized and thermal measurements made prior to mounting on PC boards. 
This is necessary so that temperature shifts can be noted for the various material structures used in PC 
board fabrication. The following is a description of the parameters: 


RgjA — Thisis the thermal resistance, junction to ambient. To measure Rg JA, power the device through 
the resistor matrix allowing the case to remain in ambient air. After sufficient stabilization 
time, measure VpE of the TSE. With VBE known, the change in junction temperature can 
be found from the VpF vs temperature plot. RgjA can then be calculated as follows: 


AT y( °C) —~ ocy/w 


R iy eae re 
— Power Applied (W) 


where Tcase = Ambient 25°C 


Rajc — This is the thermal resistance, junction to case. It is measured identical to RajA except the 
case is held at a constant temperature by submerging it into a freon bath. This simulates an 
infinite heat sink. 
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In actual use, Rgjc will be absolute-best-case thermal resistance and R@jA will be worse-case. Actual 
measurements on a PC board will be between the two values and will depend on what board material 
is being used and how the bottom of the chip carrier package interfaces with the board. 


quality conformance 


The SNOOK20FD, SNOOK28FD, SNOOK44FD, and SNOOK68FD product family is intended to be used for 
engineering evaluations only. It is not included in Texas Instruments Military Quality Conformance Testing 
program. Because of this, the devices are offered with the following disclaimers: 


1. SN processing level only 

2. Group B, C, or D testing is not available. 

3. Parts will be 100% probe tested at 25°C and functionality over the full military temperature range 
(—55°C to 125°C) is ensured. 


pinout/schematic diagrams 
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pinout/schematic diagrams (continued) 
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pinout/schematic diagrams (concluded) 
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absolute maximum ratings 


Operating free-air temperature range ........... 20.000 ce ee = 55°C to 125°C 


recommended operating conditions 


SNOOK28FD 
SNOOK68FD 
SNOOK44FD 
MIN NOM MAX MIN NOM MAX 


pene fereeetiegy 


1 
5D 


TEST CONDITIONS MIN TYP MAX | UNIT 
R1R2, R3R4 IR = 10 mA 80 100 120 
IgE = 1mA 500 900 


thermal characteristics 


SNOOK28FD 
SNOOK20FD SNOOK68FD 
PARAMETER SNOOK44FD UNIT 


TYP TYP 
10 


Rejc  Junction-to-case thermal resistance 
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4N22, 4N23, 4N24 
JAN, JANTX, AND JANTXV OPTOCOUPLERS 


D3054, SEPTEMBER 1987 


JEDEC REGISTERED DEVICES 
GALLIUM ARSENIDE DIODE INFRARED SOURCE OPTICALLY COUPLED 
TO A HIGH-GAIN N-P-N SILICON PHOTOTRANSISTOR 


Base Lead Provided for Conventional Transistor Biasing 

High Overall Current Gain... 1.5 Typ (4N24) 

High-Gain, High-Voltage Transistor... hfe = 700 Typ (4N24), 
V(BR)CEO = 35 V Min 

High-Voltage Electrical Isolation . . . 1-kV Rating 

Stable over Wide Temperature Range 


@ Qualified to MIL-S-19500/486A 
*mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


4,70 (0.185) 6 LEADS 
3,94 (0.155) 0,483 (0.019) 


~~ = D 
| 0,406 (0.016) 
g_ 1.02 (0.040) 
- MAX 


= 2 

| | 
8,51 (0.335) 9,40 (0.370) 
7,74 (0.305) 8,51 (0.335) 


| | ST | 


y 
5,08 (0.200) 0,864 (0.034) 


| ane: 

| 0,711 (0.028) 

le 12.7 (0.500) 5 DIA 45 
MIN (See Note a) 


NC—No internal connection 
DIA 


1,14 (0.045) 
0,73 (0.029) 


NOTE: a. Leads having maximum diameter shall be within 0,18 mm (0.007 inch) of true position relative 


to a maximum-width tab when measured in the gaging plane between 1,371 mm (0.054 inch) 
and 1,397 mm (0.055 inch) below the seating plane. 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Input-to-output voltage 


ee ee ee ee ee ee ee ere er ee 2 eer ee ee eee +1kV 
CONGCIOMDGRS VOIR 6. a6 0S EEK EET ee ES Oe HO OE HO O48 KEG HA OOH OO 35 V 
Collector-emitter voltage .... 2... .0. 00.0000 cc eee ee 35 ¥ 
EIVUtIGN-Gee VOUNGOS 265 6k 6k PaO OEE OE A ES RHODES SEO EER OED OHSS ES baw OD 4V 
Input Gioge Faverse VOITAGE . 0.6. cna eee ee ow KER RRO OR HR DEE Oe ee 2V 
Input diode continuous forward current at (or below) 65°C free-air temperature 

[Gee GUUS Lo games ba S 6k oe aR eA be hoe OS Bee Ae ee Ee Ee me ee Oe OS 40 mA 
LOnenueue GOUGCTON EUNGME << 6c nek dce cnet ew eee eens baw wee bee ESR RAR eR Se ROHR 50 mA 
Peak diode current (SG6 NOTE Z}) wn wc cc eee ch ee heeded RDO ee ODE ED ewe 1A 
Continuous transistor power dissipation at (or below) 25°C free-air temperature 

CG Ge Br xk bee dhe KE OS HN KE HR OGRE A ODENSE MOREE OEE ORO OOS ODES 300 mW 
Operating free-air temperature range ........ 0... 00. ee —§5°C to 125°C 
Storage TAMipersture FANGS cx ca cen tee tak pe KM OK DE HORE KM O HER OER OREM —~bb"C to 125°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds...................... 240 °C 


* JEDEC registered data. This data sheet contains all applicable JEDEC registered data in effect at the time of publication. 
NOTES: 1. Derate linearly to 125°C free-air temperature at the rate of 0.67 mA/°C. 

2. This value applies for ty < 1 us, PRR < 300 pps. 

3. Derate linearly to 125°C free-air temperature at the rate of 3 mW/°C. 


PRODUCTION DATA documents contain information ‘ Copyright © 1987, Texas Instruments Incorporated 
current as of publication date. Products conform to | 

specifications per the terms of Texas Instruments TEXAS 

standard rags hie oe Production processing does not i 

necessarily include testing of all parameters. NSTRUMENTS 
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4N22, 4N23, 4N24 
JAN, JANTX, AND JANTXV OPTOCOUPLERS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX; MIN TYP MAX] MIN TYP MAX 
Collector-base Ic = 100 pA, le = O, 
*V(BR)CBO 35 35 3 
breakdown voltage] IF = 09 
Collector-emitter lc = 1 mA, Ip = O, 
"VBR)CEO 35 35 3 
breakdown voltage} IF = O 
Emitter-base le = 100 pA, Ic = 0, 
*V(BR)EBO 4 4 
breakdown voltage] IF = O 


Input diode static 
*IR VR = 2 
reverse Current 
O15 
2.9 4 
1 
1 
1 
1 
0.8 
0.7 


Ss) 
5 
4 


: = 
> 


Transistor static 


V 
5 Y, 
Thee forward current 


transfer ratio 


VceE = OV, IR = 


On-state 


O 
*“IC(on) 


collector current 


4 
4 
0 LES: 
4 


nA 
Off-state 


collector current 


“IC(off) 


IB 


— 


6) 


oO 
: = 
> 


—_ 
oO 


o;i— 

ee en 

Wo 
3 
> 


Input diode static 


< 


*VeE 


forward voltage 


0.3 


O|oO 


— 
No 
~N 
_ 
NO 


° , 
on w 


lp = O, TA 
Ic ‘ IB 
Ip = 
Cc IB 
F = 
C IB 
f 


Collector-emitter 


0.8 he 
0.7 ; 
0.3 


*V 
CE(sat) saturation voltage 


= 2.5 mA, = @, 
20 mA 
Ic = 5mA, = ©, 
lic = 20 mA 
ic = 10 mA, — ey 
lp = 20 mA 
Input-to-output 
*r Vin. = +1 kV, See Note 4 1011 1011 1011 
eee eence |Vivout = *14V,SeeNowe fro!) | 
Input-to-output Vin = (, = 1 MHz, 


NOTE 4: These parameters are measured between all the input diode leads shorted together and all the phototransistor leads shorted together. 


UNIT 
MIN TYP MAX 


2) 
— 


Capacitance See Note 4 


*switching characteristics at 25°C free-air temperature 


4N22 
PARAMETER TEST CONDITIONS 
MIN TYP MAX| MIN TYP MAX 


iy Rise ime [Vee = 10V. hon = 10mA, | a8] 


* JEDEC registered data 
tThe hFE specification is a requirement of MIL-S-19500/486A and is not JEDEC registered. 


NO} NM 
O;O 
PP 
n}]n 


_ 
oO 
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4N22, 4N23, 4N24 
JAN, JANTX, AND JANTXV OPTOCOUPLERS 


“PARAMETER MEASUREMENT INFORMATION 


INPUT 
INPUT — 
ton toff 
OUTPUT . . —- — 
(See Note B) Adjust amplitude of input ty ty 
pulse for IF(gn) = 10 mA , a OUTPUT a 
Ry = 100 22 
— Vcc = 10 V 
= 10% 10% 
feet Seat VOLTAGE WAVEFORMS 


NOTES: A. The input waveform is supplied by a generator with the following characteristics: Zoyz = 500, tr < 15 ns, ty 100 us, 
duty cycle = 1%. 
B. Waveforms are monitored on an oscilloscope with the following characteristics: tr < 12 ns, Rin = 1 MQ, Cin < 20 pF. 


* JEDEC registered data 


A 


FIGURE 1. SWITCHING TIMES 


TYPICAL CHARACTERISTICS 


4N22 4N23 
COLLECTOR CURAENT COLLECTOR CURRENT 
“ vs 
Ee errno hs abe rene COLLECTOR-EMITTER VOLTAGE 
ig =0 
Ta =25C 
< See Nate 5 
i | < 
Cc E 
3 4 
3 : 
Oo — 
2 2 
S s 
| ro} 
: 4 
2 
4N24 
VceE—Collector-Emitter Voltage—V COLLECTOR CURRENT VcE—Collector-Emitter Voltage—V 


vs 


PaNGE ¢ COLLECTOR-EMITTER VOLTAGE 


FIGURE 3 
Ip =0 

Ta = 25°C 
See Note 5 


A 


\¢—Collector Current—mA 


WP 


G 5 10 15 20 25 
VcE—Collector-Emitter Voltage—V 
FIGURE 4 


NOTE 5: This parameter was measured using pulse techniques, ty = 100 us, duty cycle = 1%. 


TEXAS ti 
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4N22, 4N23, 4N24 
JAN, JANTX, AND JANTXV OPTOCOUPLERS 


TYPICAL CHARACTERISTICS 


NORMALIZED ON-STATE COLLECTOR CURRENT! 


vs 


INPUT DIODE FORWARD CONDUCTION CHARACTERISTICS FREE-AIR TEMPERATURE 


le Forward Current—mA 


iit tt 
BESSRIRRER 
EESERIEEEE 


0 02 04 06 08 1.0 1.2 1.4 1.6 1.8 2.0 
VF —Forward Voltage—V Ta—Free-Air Temperature—°C 


Normalized On-State Collector Current—IC(on)t 


t Normalized to value at Ta = 25° C 


FIGURE 5 PHOTOTRANSISTOR COLLECTOR CURRENT FIGURE 6 
vs 
INPUT-DIODE FORWARD CURRENT 


0.04 ———— 
. ++ HA isnt maa i! on os a Hoth 


Ic¢—Phototransistor Collector Current- mA 


0.01 727 AA 
0.1 0.4 1 4 10 40 100 
|f—Input-Diode Forward Current—mA 
OFF-STATE COLLECTOR CURRENT FIGURE 7 AVERAGE SWITCHING TIME 
vs vs 
FREE-AIR TEMPERATURE LOAD RESISTANCE 
E ; 
PS ® 
_ E 
® - 
= e 
) ? yo LL 
S $ asses 
g 3 Stiiirate tt 
3 “ = 11% aati 
; ° wi 
iS $ 
n S10 Lp et 
S) = 
ia A 
3 = 
L a 
1 
-50 -25 0 25 50 $75 100 125 10 40 100 400 1k 4k 10k 
Ta—Free-Air Temperature—°C : 
Ri_—Load Resistance—22 
FIGURE 8 FIGURE 9 


NOTE 6: This parameter was measured in the test circuit of Figure 1 with Ry varied between 40 Q and 10 kf. 
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4N22A, 4N23A, 4N24A 
JAN, JANTX, AND JANTXV OPTOCOUPLERS 


D3052, SEPTEMBER 1987 


JEDEC REGISTERED DEVICES 
GALLIUM ARSENIDE DIODE INFRARED SOURCE OPTICALLY COUPLED 
TO A HIGH-GAIN N-P-N SILICON PHOTOTRANSISTOR 


Both Input and Output Circuits Are Isolated from the Can 
Base Lead Provided for Conventional Transistor Biasing 
High Overall Current Gain... 1.5 Typ (4N24A) 


High-Gain, High-Voltage Transistor ... hfe = 700 Typ (4N24A), 
V(BR)CEO = 35 V Min 


® High-Voltage Electrical lsolation . . . 1-kV Rating 
@ Stable over Wide Temperature Range 
@ Qualified to MIL-S-19500/486A 


*mechanical data 


ALL LEADS ARE ELECTRICALLY INSULATED FROM THE CASE 


4,70 (0.185) 6 LEADS 
3,94 (0.15 0,483 (0.019) D 


: 0,406 (0.016) 
1,02 (0.040) : 
aad MAX [ 
‘ — 
——————] 
8,51 (0.335) 9,40 (0.370) 


pc ac etait ee | DIA 
7,74 (0.305) 8,51 (0.335) 


SS 
—————— 
_y 0,864 (0.034) 


, ~ 
Lg. 12.710.500) 9 a ro yi 0,711 (0.028) 


MIN (See Note a) 


NC—No internal connection 


1,14 (0.045) 
0,73 (0.029) 


NOTE: a. Leads having maximum diameter shall be within 0,18 mm (0.007 inch) of true position relative 


to a mMaximum-width tab when measured in the gaging plane between 1,371 mm (0.054 inch) 
and 1,397 mm (0.055 inch) below the seating plane. 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


MIDUPTO-OUI Ut VONROE: 6 ine 6 kt kd eed OER REDO RES oR ORE OE DERE +1 kV 
ColeGtorDaSe VOILAGE . oc cc he RARE See ERE EERE EURO HERES ED Bek BO OS oo V 
LOlecipreinitter VOUGGS bc oo 6b be ede E EE HEHE EERE R wT REE RAMEE DEERME OEE 35 V 
irre OSE WOINSE a6 x 626 4 50 PRE KO ES CE AAE POETS OE NAR EERO HCE God SERRA OE OO 4V 
Input diode reverse Voltage .. 2. 6 ce em a ee eee eee es 2V 
Input diode continuous forward current at (or below) 65°C free-air temperature 

(26 FIGS 1) bw ess kee cd ceed evan ees nea ch sword ene sewn hae e ae 0 eN chad bua uee 40 mA 
Continuous collector Current .....0. css nes bees ved wae eve ees ee ee eR ee ee 50 mA 
Peak diode current (see Note 2) ........ 2.0... 0. ee ee 1A 
Continuous transistor power dissipation at (or below) 25°C free-air temperature 

(s66 NOtG 3). cn ccciawewes an cbawe a er ebee dP baHED SHH OHO HOR EwED DEORE OES 300 mW 
Operating free-air temperature range ..... 2.0... 0.0... ee ~65°C to 125°C 
Storage t6nmiperavwke FANGS «ccc weet ee ew ED Rea TE REED =§5"C to 120°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds....................0.. 240°C 


* JEDEC registered data. This data sheet contains all applicable JEDEC registered data in effect at the time of publication. 
NOTES: 1. Derate linearly to 125°C free-air temperature at the rate of 0.67 mA/°C. 

2. This value applies for ty, < 1 us, PRR < 300 pps. 

3. Derate linearly to 125°C free-air temperature at the rate of 3 mW/°C. 


PRODUCTION DATA documents contain information Copyright © 1987, Texas Instruments Incorporated 


current as of publication date. Products conform to | 
specifications per the terms of Texas Instruments TEXAS 

standard warranty. Production processing does not 

necessarily include testing of all parameters. IN STRUMENTS 
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4N22A, 4N23A, 4N24A 
JAN, JANTX, AND JANTXV OPTOCOUPLERS 


electrical characteristics at 25°C free-air temperature (unless otherwise aT 


4N22A 
PARAMET TEST CONDITIONS 
iain _ sal MIN TYP MAX at Fs TYP MAX 
Collector-base 100 pA, le = O, 


MBR)CBO breakdown st 


“y Collector-emitter 1 mA, 
(BR)CEO breakdown oe 
“ Emitter-base = 100 2A, 
(BR)EBO breakdown oa 
eee fe Pa 
reverse current 
Transistor static 
transfer ratio 


On-state 


| 
Clon) collector current 


jo) 

HH 
= 
> 


Off-state 


| 
Cloff) collector current 


Oo 
ih 
: 
> 


10 mA, ee 


= 10 mA, = 100°C Tarik 
= 20mA 
= 5mA, 
Ep 
10 mA, 
a 


Input diode static 


0.8 
forward voltage 


ee ee 
WoO 
p< 


100 
if 
1.3 
Le: 
0.3 


Collector-emitter 


“Vv 
CE(sat) saturation voltage 


5 
. Input-to-output Vin-out = O. 1 MHz, 
Cio 5 


NOTE 4: These parameters are measured between all the input diode leads shorted together and all the phototransistor leads shorted together. 


Capacitance See Note 4 


*switching characteristics at 25°C free-air temperature 


4N22A | 4N23A 
PARAMETER TEST CONDITIONS 
MIN TYP MAX| MIN TYP MAX| MIN TYP MAX 


TOV, Tron) = 10 mA, Cas 
th Fell time R= 1000, SeeFigue 1 [a5 8] 


* JEDEC registered data 
t The here specification is a requirement of MIL-S-19500/486A and is not JEDEC registered. 


NTR 
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4N22A, 4N23A, 4N24A 
JAN, JANTX, AND JANTXV OPTOCOUPLERS 


“PARAMETER MEASUREMENT INFORMATION 


INPUT 
INPUT — ! 
t t 
aur | — on —>— off 
(See Note B) Adjust amplitude of input t; ke—p}— ty 
pulse for IF(9n) = 10 mA | OUTPUT | 
Ri = 100 2 | 
— Vcc = 10 V 
| 
— 10% 10% 
TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A. The input waveform is supplied by a generator with the following characteristics: Zo, = 502, t, < 15 ns, tw = 100 us, 
duty cycie = 1%. 
B. Waveforms are monitored on an oscilloscope with the following characteristics: tr < 12 ns, Rin = 1 MQ, Cjn < 20 pF. 
* JEDEC registered data 


FIGURE 1. SWITCHING TIMES 


sais TYPICAL CHARACTERISTICS nies 
COLLECTOR CURRENT COLLECTOR CURRENT 
vs vs 
COLLECTOR-EMITTER VOLTAGE COLLECTOR-EMITTER VOLTAGE 


<x 
: : 
S pul 
5 S 
Oo = 
— 3 
g rs) 
8 5 
8 s 
| [=} 
a 9 

2 

4N24A 
Vce—Collector-Emitter Voltage—V COLLECTOR CURRENT VceE—Collector-Emitter Voltage—V 
vs 
FIGURE 2 COLLECTOR-EMITTER VOLTAGE FIGURE 3 


Ig=0 
Ta =25°C— 
See Note 5 


Ic—Collector Current—mA 


— 
rae 
aa 
{ 
a 
—— 
om 


VceE—Collector-Emitter Voitage—V 
FIGURE 4 


NOTE 5: This parameter was measured using pulse techniques, tw = 100 us, duty cycle = 1%. 
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Q4N22A, 4N23A, 4N24A 
JAN, JANTX, AND JANTXV OPTOCOUPLERS 


TYPICAL CHARACTERISTICS 


NORMALIZED ON-STATE COLLECTOR CURRENT! 


VS 


INPUT DIODE FORWARD CONDUCTION CHARACTERISTICS FREE-AIR TEMPERATURE 


le. Forward Current—mA 


Normalized On State Collector Current -lC(on)t 


0 02 04 0608 10 1.2 14 1.6 18 2.0 —75 -—50 —25 0 25 50 75 100 125 
Ve -Forward Voltage-V . Ta—Free-Air Temperature—°C 
t Normalized to value at Ta = 25°C 


FIGURE 5 PHOTOTRANSISTOR COLLECTOR CURRENT FIGURE 6 
vs 


INPUT-DIODE FORWARD CURRENT 


xt 

E 

5 =—====: Ter eet 

© 

ro} 

i) 

2 

To) 

oO Ae 

S izes aaeeatt EHH 

2 Tit 

s 

3 Ay | tit | Ey 

° Ce OO ee ees ee eT 

et 

a. 

io) 

0.01 
0.1 0.4 1 4 10 40 #100 
|——Input-Diode Forward Current—mA 
OFF-STATE COLLECTOR CURRENT FIGURE 7 AVERAGE SWITCHING TIME 
vs vs 
FREE-AIR TEMPERATURE LOAD RESISTANCE 
— eee 

Fs S SS SSsaes 
S + Tyr 
~ M To 
5 E wail 
2 Ty 
= mo 
O ¢ 
: £ Zee 
st ~ ————J =e Se Sora 
2 3 a PB Sease =es Ht 
8 3 2 muse 1h 
: eC re 
= a 
e < 10 maaiimeectii 
S ee 
So ~ See a on 7c a Re aS ss 
i” Oo yaa ii! nar ee a Oa 
= re 
a. : SSE es 


0.001 MM ll 


—50 —25 0 25 50 75 100 125 10 10k 
Ta—Free-Air Temperature—°C 


Ri —Load Resistance—Q2 


FIGURE 8 FIGURE 9 
NOTE 6: This parameter was measured in the test circuit of Figure 1 with Ry varied between 40 Q and 10 kQ. 
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4N47, 4N48, 4N49 
JAN, JANTX, AND JANTXV OPTOCOUPLERS 


D3031, SEPTEMBER 1987 


GALLIUM ARSENIDE DIODE INFRARED SOURCE OPTICALLY COUPLED 
TO A HIGH-GA!N N-P-N SILICON PHOTOTRANSISTOR 

Very High Current Transfer Ratio . . . 500% Typical (4N49) 

Photon Coupling for lsolator Applications 

Base Lead Provided for Conventional Transistor Biasing 

High-Speed Photodiode-Mode Operation 

High-Voltage Electrical Isolation . . . 1-kV Rating 

Stable over Wide Temperature Range 

Hermetically Sealed Package 


Qualified to MIL-S-19500/548 


description 


This opto coupler features an improved current transfer ratio (CTR) at an input of one milliampere making 
it ideal for coupling with isolation from low-output MOS and CMOS devices to power devices or other 
systems. Typical applications include motor-speed controls, numeric control systems, meters, and 
instrumentation. 


*mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


4,70 (0 185) 6 LEADS 
3°94 (0 155) 0.483 (0.019) 5, 
1.02 (0.040) | wane (0.016) 
MAX 


— _ 


8,51 (0 i 9,40 (0.370) 
7,74 (0.305) 8,51 (0.335) 1.14 (0.045) 


—_—__—_——————_— 
_ | 0.73 10.029) 
me 
an 5,08 (0.200) 0,864 (0.034) 
0.711 (0.028) 
12.7 (0.500) ik 
MIN (See Note b) 


All linear dimensions are in millimeters and parenthetically in inches. 
Leads having maximum diameter shall be within 0,18 mm (0.007 inches) of true position 
relative to a maximum width tab when measured in the gaging plane between 1,371 mm 
(0.054 inches) and 1,397 mm (0.055 inches) below the seating plane 


* JEDEC registered data. This data sheet contains all applicable JEDEC registered data in effect at the time of publication. 


current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 


standard warranty. Production processing does not 
necessarily include testing of all parameters. INSTRUMENTS 
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PRODUCTION DATA documents contain information Ri Copyright © 1987, Texas Instruments Incorporated 


4N47, 4N48, 4N49 
JAN, JANTX, AND JANTXV OPTOCOUPLERS 


FESS ARE SOR PELE Bs OR FEA RAL Add PPL SELECT RIN REMI DEF SE SE FOI PE AGRE NLRs EEA HAE CE I TT ENOL IESE SOS ATG SARA ES ES RET SS SLE EO BUSI S 
*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


IBU-EO-OUT DUE VOIEBOG soc cc ck owe enn eee RSS RNR O ARES RENNER ETE Oe ERO ee Oe OS +1 kV 
Collector-emitter VOMAGE 16.6 cc ee EE eee we EOS 40 V 
CONOR ICr- Sse WONSAS «64.45 6 Kao Hew Oe oO EK 4S EERE RTE EKO HERE OSES Oe we 45 V 
Britta r-BeSe VONGOS sc cca ¥ oe os CERES SOSH HSK SSS SES SSO SEER CASS ES HEHE LOE Eas HO 7V 
UT GioGe TEVEISE VONAGE ic vs ine heh Sew Ee EHH HE HEREN EERE OEE ECE ER ETE OSS 2V 
Input diode continuous forward current at (or below) 65°C free-air temperature 

OG Re Ae a bod ao ee bee PE ROE EEE AEE OE E400 OS eR ERE Hee SES 40 mA 
Continuous Golector Gurrenit .o.4s65 cc ce ec ned eee eee RH Ee ee Re Ee eee eR ews 50 mA 
Peak diode current (see Note Z) ....ccenede ene ead ede ees wee ee we eee hee eee eae 1A 
Continuous transistor power dissipation at (or below) 25°C free-air temperature 

Ce TOR AT kh 6 605-464 SERV Se CHEN E LET ERER ASE SENDERS LED CREE TONES ERE ES Et 300 mW 
Operating free-air temperature range ............. 00. eee ee —B5°C te 125°C 
Storage temperature range ..... 0... 0... . ee =—55 °C to 125°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds...................-.4. 240 °C 


NOTES: 1. Derate linearly to 125°C free-air temperature at the rate of 0.67 mA/°C. 
2. This value applies for ty < 1 ws, PRR < 300 pps. 
3. Derate linearly to 125°C free-air temperature at the rate of 3 mW/°C. 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


4N47 
PARAMETER TEST CONDITIONS 
MIN TYP MAX} MIN TYP MAX] MIN TYP MAX 


Collector-base Ic = 100 ,A, | 
‘ c ‘ 45 


’ 


*V 
(BR)CBO b eakdown voltage | IF - o 


E 
Collector-emitter Ic = 1 mA, Ip 


*V 
caleba breakdown voltage | I- = O 


Emitter-base le = 100 pA, 


*V(BR)EBO 7 


breakdown voltage 


Transistor static 
Thee forward current 
transfer ratio 


, 
On-state 0 
collector current 


“IC(on) mA 


(phototransistor 
mode) ; TA = 
= 5 Y¥, Ip = O, 
See Note 4 


On-state 
“(oni collector current a 3 30 80 uA 


*JEDEC registered data. 
TThe hee specification of MIL-S-19500/548 and is not JEDEC registered. 
NOTE 4: This parameter must be measured using pulse techniques, ty, = 100 us, duty cycle < 1%. 


40 
100 
00 
oe 
50 
30 3880 
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4N47, 4N48, 4N49 
JAN, JANTX, AND JANTXV OPTOCOUPLERS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) (continued) 


PARAMETER TEST CONDITIONS = —— 
MIN TYP MAX}; MIN TYP MAX| MIN TYP MAX 
Off-state V = 20 V, Ip = O, 
cE ‘ 6 100 
collector current IF = 0 


(phototransistor 
4 100 4 100 


UNIT 


nA 


wo 
oO 
NI 
wlan] nw 
7) NI 
sc) = 2 


IC(off) 


> 


mode) 
Off-state 
ICloff) collector current 


— 
_—- 
oO 
= 
(o) 
—s 
_ 
io) 


lp = O 


: : 
lip = 10mA, Ta = 100°C | 0.7 : 
G 
GS 


; Ta = 
; TA = 
Ic = 0.5 mA, Ig = O 
| 2 mA 
; Ip = O 
' Ip = O 
f 


(photodiode mode) 


Input diode static 


© 
roe) 
—_—d> | and 
ol ~w 


© 
Ww 
o|o 
“N} OO} — 
on 


VF 
forward voltage 


Collector-emitter 


V 
CE(sat)  .oturation voltage 


[e) 
ie) 


Ic = 1mMmA ; 
| 2mA 
lc = 2mA ' 
| 2mA 
Input-to-output 
: wie ad Vin-out = +1 kV, See Note5 |1011 1012 1011 1012 1011 1012 
10 in-out 
internal resistance 
Input-to-output Wiles = G, 
on eee arout 25 § 25 5 2.5 
capacitance See Note 5 


NOTE 5: These parameters are measured between all the input diode leads shorted together and all the phototransistor leads shorted together. 


= 1 MHz, 


on 


13 
ow 


switching characteristics at 25°C free-air temperature (see Figure 1) 


PARAMETER TEST CONDITIONS iba 4N4s8 
MIN TYP MAX| MIN TYP MAX| MIN TYP MAX 


Vee = 10V, Iron) = 5 mA 
RL = 1009, Test Circuit A 20 
Voc = 10V, Trion) = 5 mA, 

R_ = 1009, Test circuit B 


* JEDEC registered data 


=" 
ol 
ho 
oa 


—_ 
or 
ho 
oT 
B 
no 


ee 
=—|O;0O 
NO} NM 
wlo!lo 
= 
(e) 


-_ 
w 
— 
Ww 


e ~ 
” 


e 
o| 2 


_ 
e%) 
— 
Ww 
_ 
ie) 

= 
7) 
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4N47, 4N48, 4N49 
JAN, JANTX, AND JANTXV OPTOCOUPLERS 


PARAMETER MEASUREMENT INFORMATION 


Adjust amplitude of input 
pulse for IF(gn) = 5 mA 


INPUT 
| 200 02 
200 2? 
ay re) INPUT 
OUTPUT 
(See Note b) +t, t¢-+¢-—2 OUTPUT 
= Ri = 100 ( | OUTPUT | 
Vcc = 10 V L ' | (See Note b) 
- R_ = 100 2? 
| 
= I = 
' 
ie) 1 9, 
*TEST CIRCUIT A uae sia TEST CIRCUIT B 
PHOTOTRANSISTOR OPERATION VOLTAGE WAVEFORMS PHOTODIODE OPERATION 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zoyt = 502, t; = 15 ns, duty cycle = 1%. 
For Test Circuit A, ty = 100 us. For Test Circuit B, tw = 1 us. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: tr < 12 ns, Rip = 1 MQ, Cin s 20 pF. 


*“JEDEC registered data 
FIGURE 1. SWITCHING TIMES 


TYPICAL CHARACTERISTICS 
INPUT DIODE FORWARD CONDUCTION CHARACTERISTICS 


os 
tere 


l—-—Forward Current—mA 
on 


0 02 04 06 08 1.0 12 1A 
VF—Forward Voltage—V 


FIGURE 2 
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NOTE 6: This parameter was measured using pulse techniques, ty, = 100 us, duty cycle = 1%. 
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Logic Testing Philosophy 
INTRODUCTION 


To assist component and system design engineers with Texas Instruments TTL, STTL, LSTTL, 
ALSTTL, 54F, HCMOS, Advanced CMOS products, BiCMOS, and programmable logic arrays, 
the following application note has been generated to provide a brief description of the terms, 
definitions, and testing procedures currently being used for our military specifications. The 
symbols, terms, and definitions are in accordance with those currently agreed upon by the 
JEDEC Council of the Electronic Industries Association (EIA) for use in the USA and the 
International Electrotechnical Commission (IEC) for international use. The testing procedures 
defined herein describe the minimum procedure used to test each specification. These testing 
methodologies do not necessarily apply to MOS Memory/Microprocessor devices. 


OPERATING CONDITIONS, DEFINITIONS, AND TESTING 
High-Level Input Voltage, VjH 


This is an input voltage within the more positive (less negative) of the two ranges of values 
used to represent the binary variables. 


Note: A minimum is specified that is the least positive value of high-level input voltage 
for which operation of the logic element within specification limits is guaranteed. 


Testing: VjH min (Vj~_ max) is specified on all inputs. Since it is used to setup VOH, VOL, 
IOZH, and Ioz_ tests, all possible combinations of input thresholds may not be verified. 
There are several types of input pins; direction, clear, enable, and preset that are considered 
unused inputs and may not be at threshold conditions. Typically, these inputs can cause 
outputs to switch simultaneously, which can cause significant tester ground and Vcc 
movement resulting in false test measurements. Those inputs that have the same design 
as the inputs used to do the VQH and Vo, tests will have the same threshold and need 
not be tested. 


Low-Level Input Voltage, VIL 


This is an input voltage level within the less positive (more negative) of the two ranges of values 
used to represent the binary variables. 


Note: A maximum is specified that is the most positive value of low-level input voltage 
for which operation of the logic element within specification limits is guaranteed. 


Testing: See VjH. 
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High-Level Output Current, IOH (Source Current) 


This is the current into? an output with input conditions applied that according to the product 
specification will establish a high level at the output. 


Testing: On open-collector devices, IQH is the leakage current into! the collector of the 
device with the output transistor turned-off. It is tested by applying the specified voltage 
to the output, and then measuring the current into! the output. IOH on totem-pole devices 
is used as a forcing condition when testing VOH. See VOH testing for further details. 


Low-Level Output Current, IoL (Sink Current) 


This is the current into? an output with input conditions applied that according to the product 
specification will establish a low level at the output. 


Testing: IO. is used as a forcing condition during the Vo, test. See Vo, testing for further 
details. 


Clock Frequency, fclock 


This is another term used to define fmax. Clock frequency is specified as an operating frequency 
range in the recommended operating or timing requirement section of the data sheet. On older 
data sheets, only fmax is specified. 


Testing: fclock is verified by testing fma x. It is important to note that tw clock high and 
tw clock low taken together may sometimes imply a clock frequency higher than foigck. 
In actual use, the reciprocal of the total clock period of CLK high and CLK low must not 
exceed the clock frequency maximum, fciock Max. Minimum pulse durations specified 
for CLK high and CLK low are not necessarily verified simultaneously. 


Hold Time, th 


This is the interval during which a signal is retained at a specified input terminal after an active 
transition occurs at another specified input terminal. 


Notes: 1. The hold time is the actual time between two events and may be insufficient 
to accomplish the intended result. A minimum is specified that is the shortest 
interval for which correct operation of the logic element is guaranteed. 

2. The hold time may be a negative value, in which case, the minimum limit 
defines the longest interval (between the release of data and the active 
transition) for which correct operation of the logic element is specified. 


Testing: Hold time is tested by holding an input at a fixed jogic level for the specified 
time after the transition from a defined input pin. The device passes if the outputs switch 
to their expected logic level. The device fails if the outputs do not switch to their expected 
logic level. Hold times are not checked simultaneously with other input pins or with other 
recommended operating conditions. 


TCurrent out of a terminal is given as a negative value. 
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Setup Time, tsy 


This is the time interval between the application of a signal that is maintained at a specified 
input terminal and a consecutive active transition at another specified input terminal. 


Notes: 1. The setup time is the actual time between two events and may be insufficient 
to accomplish the setup. A minimum value is specified that is the shortest 
interval for which correct operation of the logic element is specified. 

2. The setup time may have a negative value in which case the minimum limit 
defines the longest interval (between the active transition and the application 
of the other signal) for which correct operation of the logic element is specified. 


Testing: Setup time is tested by switching an input to a fixed logic level for a specified 
time before the transition of the other input pin. The device passes if the outputs switch 
to their expected logic level. The device fails if the outputs do not switch to their expected 
logic level. Setup times are not checked simultaneously with other inputs pins or other 
recommended operating conditions. 


Pulse Duration, tw 


This is the time interval between specified reference points on the leading and trailing edges 
of the pulse waveform. 


Testing: Pulse duration is tested by applying a pulse for a time period equal to the minimum 
value specified in the data sheet. The device passes if the outputs switch to their expected 
logic level. The device fails if the outputs do not switch to their expected logic level. 
Pulse durations are not checked simultaneously with other input pins or other 
recommended operating conditions. 


ELECTRICAL CHARACTERISTICS, DEFINITIONS, AND TESTING 
High-Level Input Current, IjH, |] 
This is the current intot an input when a high level voltage is applied to that input. 


Testing: lj} and |j are tested by applying the input voltage specified in the data sheet 
and measuring the current into! the input. The Vcc value used during the test is defined 
in the data sheet. 


Low-Level Input Current, IIL 


This is the current into? an input when a low-level voltage is applied to that input. 


Testing: lj, is tested by applying the input voltage specified in the data sheet and 
measuring the current into? the input. The Vcc value used during this test is defined 
in the data sheet. 


TCurrent out of a terminal is given as a negative value. 


Off-State (High-lmpedance-State) Output Current (of a Three-State 
Output) with High-Level Voltage Applied, IOZH 


This is the current flowing into' an output having three-state capability with input conditions 
established that, according to the product specification, will establish the high-impedance state 
at the output with a high-level voltage applied to the output. 


Note: This parameter is measured with other input conditions established that would 
cause the output to be at a low level if it were enabled. 


Testing: IOZH is tested by applying the specified voltage to the output in the high- 
impedance state and measuring the current intoT the output. Each output is tested 
individually to minimize switching noise. 


Off-State (High-lmpedance-State) Output Current (of a Three-State 
Output) with Low-Level Voltage Applied, lOZL 
This is the current flowing intot an output having three-state capability with input conditions 


established that, according to the product specification, will establish the high-impedance state 
at the output with a low-level voltage applied to the output. 


Note: This parameter is measured with other input conditions established that would 
cause the output to be at a high level if it were enabled. 


Testing: IOzZ, is tested by applying the specified voltage to the output in the high- 
impedance state and measuring the current into! the output. Each output is tested 
individually to minimize switching noise. 


Short-Circuit Output Current, los, lo 


los— This is the current intot an output when that output is short-circuited to ground (or other 
specified potential) with input conditions applied to establish the output logic level farthest 
from ground potential (or other specified potential). 


lo—This is the current into? an output when that output is forced to a lower specified voltage 
Vo with input conditions applied to establish a high level at the output. 


Testing: los and Ilo are tested by placing the device’s output at a high-logic level and 
then connecting that output to ground (or other specified voltage). The current is then 
measured coming out of the device. 


Note: Only one output should be tested at a time and the duration should not exceed 
one second. 


TCurrent out of a terminal is given as a negative value. 
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Supply Current, icc 
This is the current into? the Vcc supply terminal of an integrated circuit. 


Testing: Icc is tested by applying the specified Vcc level and measuring the current 
intoT the Vcc terminal. Outputs are left open. 


Supply Current, Outputs High, ICCH 


This is the current intoT the Vcc supply terminal of an integrated circuit when all possible (or 
a specified number of) outputs are at the high logic level. 


Testing: ICCH is tested by preconditioning all inputs such that all possible (or a specified 
number of) outputs are at a high logic level and then measuring the current into? the 
Vcc terminal. Outputs are left open. 


Supply Current, Outputs Low, ICCL 


This is the current intoT the Vcc supply terminal of an integrated circuit when all possible (or 
a specified number of) outputs are at the low logic level. 


Testing: ICCL is tested by preconditioning all inputs such that all possible (or a specified 
number of) outputs are at a low logic level and then measuring the current into! the Vcc 
terminal. Outputs are left open. 


Supply Current, Outputs Disabled to High-impedance State, ICCZ 


This is the current intoT the Vcc supply terminal of an integrated circuit when all (or a specified 
number of) outputs are disabled to the high-impedance state. 


Testing: IcCz is tested by preconditioning all inputs such that all possible (or a specified 
number of) outputs are at a high-impedance state and then measuring the current into! 
the Vcc terminal. Outputs are left open. 


Alcc (ACT/HCT) 


This is the increase in supply current for each input that is at one of the specified TTL voltage 
levels rather than at O V or Vcc. 


Testing: For HCT products, Alcc is tested by applying the Vcc level specified in the 
data sheet and biasing one input at 0.5 V or 2.4 V with other inputs at O V or Vcc. For 
ACT products, Alcc is tested by applying the Vcc level specified in the data sheet and 
biasing one input at 3.4 V with other inputs at ground or Vcc. Outputs are left open. 


TCurrent out of a terminal is given as a negative value. 
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Input Clamp Voltage, Vik 


This is an input voltage level in a region of relatively low differential resistance that serves to 
limit the input voltage swing. 


Testing: VK is tested by forcing an input to source the current specified in the data sheet, 
and then checking to be sure the voltage level on that input passes the data sheet 
maximum specification. All inputs other than the one under test are left open. The Vcc 
value and input current used during this test are specified in the data sheet. Each input 
is individually tested. 


Note: The worst-case V|K condition for devices with inputs that have lj, exceeding 2 mA 
is with Vcc = OV. This eliminates an lj, influence on the |; forcing condition. 


High-Level Output Voltage, VOH 


This is the voltage at an output terminal with input conditions applied that, according to the 
product specification, will establish a high logic level at the output. 


Testing: VQH is tested by establishing input conditions that cause the output under test 
to be at a high logic level. The output is then forced to source the required current (IOH 
max), as defined in the data sheet, and the output voltage is measured. Each output is 
individually tested. 


Low-Level Output Voltage, VOL 


This is the voltage at an output terminal with input conditions applied that, according to the 
product specification, will establish a low logic level at the output. 


Testing: VoL is tested by establishing input conditions that cause the output under test 
to be at a low logic level. The output is then forced to sink the required current (IO ), 
as defined in the data sheet, and the output voltage is measured. Each output is tested 
individually. 


Positive-Going Threshold Voltage, VT + 


This is the input voltage level that, when crossed in a positive-going direction, enables an output 
to change its logic state. 


Testing: VT + is tested by stepping up the input voltage level and verifying when the 
output transitions to the expected logic state. 
Negative-Going Threshold Voltage, VT — 


This is the input voltage level that, when crossed in a negative-going direction, enables an output 
to change its logic state. 


Testing: VT_— js tested by stepping down the input voltage level and verifying when 
the output transitions to the expected logic state. 


SWITCHING CHARACTERISTICS, DEFINITIONS AND TESTING 
Maximum Clock Frequency, fmax 


This is the highest rate at which the clock input of a bistable circuit can be driven through 
its required sequence while maintaining stable transitions of logic level at the output with input 
conditions established that should cause changes of output logic level in accordance with the 
specification. fmax is specified in the data sheet as a minimum. In other words, the circuit 
is specified to operate up to at least the minimum frequency specified. 


Testing: fmax is tested by driving the clock input with a predetermined number of pulses, 
using a 50% duty cycle with transitions at the fmax (min) frequency specified in the data 
sheet. The output is then checked for the correct number of output transitions 
corresponding to the number of input pulses applied. The output is loaded as defined 
in the data sheet specification. Each output is individually tested and not checked 
simultaneously with other recommended operating conditions or propagation delays. For 
counters, shift registers, or any other devices for which the state of the final output is 
dependent on the correct operation of the previous outputs, fma x will only be tested on 
the final output unless specified independently in the data sheet. Full functionality testing 
is not performed during fmax testing or clock-frequency testing. 


Due to test-machine capabilities, it may be necessary to test fma x or Minimum recommended 
operating conditions (i.e., pulse duration, setup time, hold time) in accordance with the following 
methodologies: 


fmax May be tested as follows: 


(1) Simultaneous testing of symmetrical tw high and low if this corresponds to the 
reciprocal of the total period of the specified fmax frequency. 


(2) Individually testing tw clock high and tw clock low under output loading conditions 
specified by the data book by using a pulse generator to propagate a signal through 
the device to ensure device operation with the minimum pulse duration. If the sum 
of tw clock high and tw clock low is equal to or less than the corresponding fmax 
pulse duration, testing tw clock high and tw clock low will suffice for the the testing 


of fmax: 


Note: Waveform levels used during fmax testing are the same as defined for switching 
characteristics testing. See data sheet specification for load requirements. 
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Propagation Delay Time 


This is the time between the specified reference points on the input and output voltage 
waveforms with the output changing from one defined level (high, low, or high impedance) 
to the other defined level (high, low, or high impedance). 


Testing: Propagation delay times are tested by generating a transition on the specified 
input and then measuring the time required for the designated output to switch. Output 
loads used during testing are defined in the individual data sheets. Propagation delay times 
are not checked simultaneously with other outputs or with other recommended operating 
conditions. See General Notes at the end of this section. 


Notes: 1. All data sheet limits are based on single switched outputs. 
2. Outputs not under test should be set to minimize switching current spikes 
associated with enable inputs that control multiple outputs. 
3. When the data sheet specification defines the propagation delay between a 
set of inputs and an output, every switching combination may not be tested. 
All inputs and outputs will be verified for propagation delays but not in all 
possible combinations. Based on characterization data or internal gate delays 
per schematic, the worst-case paths will be tested. Electrically equivalent paths 
are considered to have equivalent propagation delay time, therefore; the testing 
of one will ensure the other input/output combination. 


Compensation: On some production testers/handlers, the inherent capacitance built into 
the system is larger than the load specified in the data sheet. Since the propagation delay 
specifications are RC time dependent, it is usually necessary to compensate for the added 
Capacitance by increasing the data sheet value. The amount of increase is dependent 
on the tester/handler combination being used. This value can be determined by comparing 
bench data with actual tester/handler data. 


Propagation Delay Time, Low-to-High-Level Output, tPLH 


This is the time between the specified reference points on the input and output voltage 
waveforms with the output changing from the defined low logic level to the defined high logic 
level. 


Testing: See propagation delay. 


Compensation: See propagation delay. 


Propagation Delay Time, High-to-Low-Level Output, tPHL 


This is the time between the specified reference points on the input and output voltage 
waveforms with the output changing from the defined high logic level to the defined low logic 
level. 


Testing: See propagation delay. 


Compensation: See propagation delay. 
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Output Enable Time (of a Three-State Output) to High Level, tpZ7H (or 
Low Level, tpzL) 


This is the propagation delay time between the specified reference points on the input and 
output voltage waveforms with the three-state output changing from a high-impedance (off) 
state to the defined high logic level (tpZ7}) or a defined low logic level (tp7,). 


Testing: See propagation delay. 


Compensation: See propagation delay. 


Output Disable Time (of a Three-State Output) from High Level, tpHz 
(or Low Level, tpL7Z) 


This is the propagation delay time between the specified reference points on the input and 
output voltage waveforms with the three-state output changing from the defined high logic 
level to a high-impedance (off) state (tpyzZ), or from the defined low logic level to a high- 
impedance (off) state (tp, 7). 


Testing: See propagation delay. 


Compensation: See propagation delay. 


Transition Time (tt) 


This is the time interval between two reference points (10% and 90% of the output swing, 
unless otherwise specified) on a waveform that is changing from the defined low level to the 
defined high level (rise time) or from the defined high level to the defined low level (fall time). 


Testing: Output tt is tested by determining the VOH and Vo, level and calculating the 
10% and 90% trip points. The time required for the output to switch between these trip 
points is then measured. 


Compensation: See propagation delay. 


FUNCTIONAL TESTING 


Functional testing is performed on all logic devices by a set of functional patterns located in 
the test program. These patterns verify operation and/or conformance to the function table. 
When multiple inputs to a given output exist in the function table, not all possible combinations 
will be tested. It is the intent of functional testing to verify that the proper logic function occurs 
for each output that is affected by a change in input conditions. It is not necessary to verify 
all the function table during functional testing if those patterns are tested during parametric 
testing. 


Testing: A set of patterns are derived from the function table and executed typically 
at a frequency < 5 MHz, but maybe higher. The outputs are not fully loaded during the 
test with either lo_ (max) or IOH (max) due to noise considerations. 


Patterns are executed applying minimum and maximum power supply voltages for which 
operation is specified in the applicable data sheet. 
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The input conditions during functional testing meet the requirements of MIL-STD-883, 
which allows input levels as specified in the most similar detail specification. For new 
products where similar military detail specification are not available, we use Vj_ = VIL 
max — 50 percent and Vi = Vj min + 20 percent. 


During the execution of the patterns, the outputs are monitored for the specific voltage 
level. Typical threshold voltages (trip points) for single or double comparator system are 
specified below: 


TECHNOLOGY INPUT VOLTAGE (see Note 4) | COMPARATOR’S REFERENCE LEVELS 
TTL/LS/STTL VL = 0 VoH — 200 mV 


VH =3V 
OV VH =3V 15 ¥V 
AS/F 
VH=3YV VoL + 200 mV 


1V 


HC 


+ 
ALS/BCT 


am 
O 


VoL + 200 mV, VOH — 200 mV 
VoL + 200 mV, VOH — 200 mV 
VoL + 200 mV, VOH — 200 mV 
0.5V, 2.0 V 
0.5V,3.5 V 
0.5V,4.5 V 


NOTE 4: Input voltage levels may vary to reflect current military detail specification. 


GENERAL NOTES 


1. Recommended operation conditions (ROCs) are considered as forcing conditions during 
electrical and switching characteristics testing. They are not necessarily tested 
simultaneously on all the inputs or with other ROCs. They may be set up separately where 
ground and Vcc noise on production testers/handlers can influence device performance. 


2. Electrical and switching characteristic testing are not performed simultaneously in order 
to minimize noise generated during testing. 


3. When performing electrical or switching characteristic tests, inputs not under test may be 
biased as follows: 


For a low level: OV <= Vj Ss VOL 
For high level: VoH s Vi S VCC 
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4. When performing electrical characteristic testing, edge-triggered synchronous clock inputs 
are typically biased with the voltages levels defined on inputs signals for switching 
characteristics to minimize the potential for noise retriggering the device. 


5. Waveforms and reference (trip) points during testing of switching characteristics are defined 
per respective logic family. Information can be found under parameter measurement 
information in the General Information chapter of the applicable data book. 


6. Parameters not tested are those verified by design or characterization and will be listed in 
the current edition of Military Products Baseline and Errata to Data Books. Parameters not 
tested will be referenced to specific devices. 


7. Tester tolerances for device loads meet or exceed the requirements of MIL-STD-883. 


8. Cj, Co and Cog, when specified for AC/ACT/HC/HCT products, shall be measured only for 
the initial test after process or design changes which may affect the capacitance. 


883 TESTING 


Testing is performed to ensure compliance of all recommended operating conditions, function 
tables, and electrical and switching characteristics. Input forcing conditions used to test specific 
parametrics are defined in the applicable data book and errata. 


Functional and Electrical Characteristic Testing 
Test temperatures are as follows, unless otherwise specified. 


100% by lot at —55°C, 25°C, and 125°C for 
AC/ACT/ALS/AS/HC/HCT/LS/S/TTL/54F/BCT/PALs 


Switching Characteristic Testing 
Test temperatures are as follows unless otherwise specified. 


100% by lot at 25°C for AC/ACT/HC/HCT/BCT/ALS/AS/LS/S/TTL/54F 


Sample by lot at —55°C and 125°C as a minimum per 883C LTPD for 
AC/ACT/ALS/AS/HC/HCT/54F/BCT 


Sample by lot at 25°C, —55°C and 125°C as a minimum for PALs. 


15-13 


15-14 


Radiation Hardened 


European & Space § 


Data Sheets 


Process Flows 


Process Flows 


16-2 


Process Flows 


Several process flows are available for devices manufactured by Texas Instruments Military 
Products. They range from ceramic to metal-can-packaged devices that can be screened to 
a customer specification to Class B and Class S screened devices that conform to MIL-STD-883 
Method 5004. In addition, there are special flows such as the Lockheed Monitored Line (Space 
Level) and the DESC Standard Military Drawing (SMD). These and other process flows will 
be described within this section. The flows are typical and may vary depending on changes 
to applicable military standards, such as MIL-M-38510 or MIL-STD-883. 


PROCESS 
DESCRIPTION 
FLOWS 


Air Force for space-level applications. 
space-level applications. | 


JAN B OPL products processed to MIL-M-38510 Level B for military applications 


Standard Military Drawing products processed to Level B with Table 1 Electricals 
DESC/SMD 
controlled by DESC 


SNJ/SMJ Products processed to MIL-STD-883 Level B for military applications 
SN/SM Products processed per test flow defined in this section 


+ " Products assembled and tested by Military Products prior to production release. No 
SMX !/SNX _ 
minimum screening or testing required. 
SMP/SNP Devices representative of production material with military temperature range testing. 
Shipped without generic coverage. 


TSMX and SNX devices are experimental or have not been fully characterized and specifications are preliminary and subject 
to change. Notwithstanding any provisions to the contrary, Tl makes no warranty, either expressed, implied or statutory 
(including any implied warranty of merchantability or fitness for a specific purpose) as to devices, or that a final production 
version will be sold. 


16-3 


Table 1. Class B/Ciass S Test Flow Comparison 


SCREEN CLASS S CLASS B 
METHOD REQMT METHOD REQMT 


(2 | Nondestructive Bond Pull ——SC~S~“~sSCS~C“‘“‘C#*#*dS‘CNOOM*PSOC“‘CSNSNCN#C#SNWC#SCN'SC‘S*d 


2001, Condition E Min 2001, Condition E Min 
Constant Acceleration (Note 2) 100% 100% 
Y 1 Orientation Only Y 1 Orientation Only 


7_| Visual Inspection (Note 3 TCS OOH SSSS~*™S«C 


| 8 | Particle Impact Noise Detection (PIND) 2010, Condition A (Note 4) | 100% |  ——— 
9 | Seriaization ——SSSSSCS~S~*™ Nt 100% [| 


Per Applicable Device Per Applicable Device 
O | Interim (Pre-Burn-In) Electrical Parameters ae 0% ie iach 
Specification (Note 6) Specification (Note 7) 


O 
1015 1015 
Burn-In Test 240 Hrs. @ 125°C Min 100% 160 Hrs. @ 125°C Min 
(Cond. F Not Allowed) 


11 
2 


72 Hrs. @ 150°C Min 
(Cond. F Not Allowed) 


NOTES: 1. For Class B Product, per Method 5004, paragraph 3.3, an alternate screening at manufacturers option. 

2. Upon approval of the qualifying activity, this test may be eliminated for JAN class B product provided that the manufacturer has demonstrated that 
die-attach and wire-bond operations have a defined capability, and are controllable and in control via Statistical Process Control (SPC). 

3. At the manufacturer’s option visual inspection for catastrophic failures may be conducted after each of the thermal/mechanical screens, after the 
sequence or after seal test. Catastrophic failures are defined as missing leads, broken packages, or lids off. 

4. See MIL-M-38510, 4.6.3. The PIND test may be performed in any sequence after Step 5 and prior to Step 16. 

5. Class S devices shall be serialized prior to interim electrical parameter measurements. 

6. Pre-burn-in or interim electrical parameters, Steps 10 and 12, shall be read and recorded only when delta measurements have been specified as part 
of post-burn-in electrical measurements. Post-burn-in electrical parameters shall be read and recorded, Step 14. 

7. When specified, all devices shall be tested for those parameters requiring delta calculations. 

8. The reverse-bias burn-in is a requirement only when specified in the applicable device specification. The order of performing burn-in and reverse-bias 
burn-in may be inverted. 
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Table 1. Class B/Class S Test Flow Comparison (Continued) 


CLASS S CLASS B 
SCREEN 
| METHOD | REQMT METHOD REOMT 

Per Applicable Device Per Applicable Devi 

Interim (Post-Burn-In) Electrical Parameters ‘PP 100% ai aia 100% 
Specification (Note 6) Specification 

5% Parametric 5% Parametric 

PDA Calculation All Lots All Lots 

3% Functional (Note 9) (Note 9) 


Final Electrical Test 
a) Static Tests 
1) 25°C (Subgroup 1, Table |, 5005) (Note 10) 
2) Max & Min Rated Operating Temp. 
(Subgroups 2, 3, Table |, 5005) 
b) Dynamic Tests or Functional Tests 
1) 25°C (Subgroup 4 or 7) 
2) Max and Min Rated Operating Temp. 
(Subgroups 5 and 6 or 8, Table I, 5005) 
c) Switching Tests 25°C (Note 11) 
(Subgroup 9, Table |, 5005) 
Seal Fine, Gross 


Per Applicable Device Per Applicable Device 


Specification Specification 
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NOTES: 6. Pre-burn-in or interim electrical parameters, Steps 10 and 12, shall be read and recorded only when delta measurements have been specified as part 
of post-burn-in electrical measurements. Post-burn-in electrical parameters shall be read and recorded, Step 14. 
9. The PDA shall apply to all subgroup 1 parameters at 25°C and all delta parameters, if applicable. 

10. Subgroup 1 may be substituted with subgroup 2 and subgroup 3 to measure maximum currents. 

11. Subgroup 9 may be substituted with subgroup 11 to measure worst-case switching speed over temperature. 

12. For Class S devices, the seal test may be performed in any sequence between Steps 16 and 19, but it shall be performed after all shearing and forming 
operations on the terminals. 

13. For Class B devices, the fine and gross seal tests shall be performed separately or together in any sequence and order between Step 6 and Step 
19, except that they shall be performed after all shearing and forming operations. The manufacturer may choose to perform 100% seal screen prior 
to completion of all shearing/forming operations or solder dipping, in which case a sample seal test using an LTPD = 2 shall be performed and passed 
on each inspection lot. If the sample fails, 100% rescreening shall be required. 

14. The radiographic screen may be performed in any sequence after Step 9. 


JAN S PROCESSING FLOW 


WAFER FAB CERTIFICATION 
MIL-STD-976 
WAFER LOT ACCEPTANCE 
METHOD 5007 


GSI/RSI 
CERTIFIED MANUFACTURING LINES 
DESC 


TRACEABILITY TO DIFFUSION LOT 
NON-DESTRUCT BOND PULL 
METHOD 2023 


BOND PULL AND DIE SHEAR (SAMPLED) 
METHOD 2011, METHOD 2019 
CONDITION D 


INTERNAL VISUAL 
METHOD 2010 
CONDITION A 


TEMPERATURE CYCLE 
METHOD 1010 
CONDITION C 


CONSTANT ACCELERATION 
METHOD 2001 
CONDITION E 


PARTICLE IMPACT NOISE DETECTION (PIND) 
METHOD 2020 
CONDITION A OR B 


X-RAY 
METHOD 2012 
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SERIALIZATION 
PRE-BURN-IN ELECTRICAL PARAMETERS 


BURN-IN TEST 
METHOD 1015 


CONDITION A OR D 


POST-BURN-IN ELECTRICAL PARAMETERS 
PERCENT DEFECTIVE ALLOWABLE 
(PDA) CALCULATION — 5% 


FINAL ELECTRICAL TEST 
TABLE | — METHOD 5004 
(STEP 16 OF 100% SCREENING 
REQUIREMENT) 


FINE/GROSS LEAK DETECTION 
METHOD 1014 
CONDITION B AND C 


EXTERNAL VISUAL 
METHOD 2009 


QUALITY CONFORMANCE INSPECTION 
GROUP A (METHOD 5005) 
(STEP 16 OF 100% SCREENING 
REQUIREMENT) 

SAMPLE SIZE = 116/0 


GROUP B (METHOD 5005) 
TABLE Ila BY LOT 


GROUP D (METHOD 5005) 
TABLE IV 


MONITORED LINE PROCESSING FLOW 


WAFER FAB CERTIFICATION 
MIL-STD-976 


WAFER LOT ACCEPTANCE 
METHOD 5007 


GSI/RSI 


CERTIFIED MANUFACTURING LINES 
LMSC 


TRACEABILITY TO DIFFUSION LOT 
NON-DESTRUCT BOND PULL 
METHOD 2023 


BOND PULL AND DIE SHEAR (SAMPLED) 
METHOD 2011, METHOD 2019 
CONDITION D 


INTERNAL VISUAL 
METHOD 2010 
CONDITION A 


TEMPERATURE CYCLE 
METHOD 1010 
CONDITION C 


CONSTANT ACCELERATION 
METHOD 2001 
CONDITION E 


PARTICLE IMPACT NOISE DETECTION (PIND) 
METHOD 2020 
CONDITION A OR B 


SERIALIZATION 


X-RAY 
METHOD 2012 


PRE-BURN-IN ELECTRICAL PARAMETERS 


BURN-IN TEST 
METHOD 1015 


CONDITION A OR D 


POST-BURN-IN ELECTRICAL PARAMETERS 


PERCENT DEFECTIVE ALLOWABLE 
(PDA) CALCULATION — 5% 


FINAL ELECTRICAL TEST 
TABLE | — METHOD 5004 
(STEP 16 OF 100% SCREENING 
REQUIREMENT) 


FINE/GROSS LEAK DETECTION 
METHOD 1014 
CONDITION B AND C 


EXTERNAL VISUAL 
METHOD 2009 


QUALITY CONFORMANCE INSPECTION 
GROUP A (METHOD 5005) 
(STEP 16 OF 100% SCREENING 
REQUIREMENT) 

SAMPLE SIZE = 116/0 


GROUP B (METHOD 5005) 
T.B.D. BY P.O, 


GROUP D (METHOD 5005) 
T.B.D. BY P.O: 


SEQ PROCESSING FLOW 


WAFER FAB CERTIFICATION 
MIL-STD-976 


WAFER LOT ACCEPTANCE 
METHOD 5007 
— OPTIONAL — 


GSI/RSI 
— OPTIONAL — 
CERTIFIED MANUFACTURING LINES 
TIOQA 


TRACEABILITY TO DIFFUSION LOT 
NON-DESTRUCT BOND PULL 
METHOD 2023 


BOND PULL AND DIE SHEAR (SAMPLED) 
METHOD 2011, METHOD 2019 
CONDITION D 


INTERNAL VISUAL 
METHOD 2010 
CONDITION A 


TEMPERATURE CYCLE 
METHOD 1010 
CONDITION C 


CONSTANT ACCELERATION 
METHOD 2001 
CONDITION E 


PARTICLE IMPACT NOISE DETECTION (PIND) 
METHOD 2020 
CONDITION A OR B 


SERIALIZATION 
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X-RAY 
METHOD 2012 


PRE-BURN-IN ELECTRICAL PARAMETERS 


BURN-IN TEST 
METHOD 1015 


CONDITION A OR D 


POST-BURN-IN ELECTRICAL PARAMETERS 


PERCENT DEFECTIVE ALLOWABLE 
(PDA) CALCULATION — 5% 


FINAL ELECTRICAL TEST 
TABLE | — METHOD 5004 
(STEP 16 OF 100% SCREENING 
REQUIREMENT) 


FINE/GROSS LEAK DETECTION 
METHOD 1014 
CONDITION B AND C 


EXTERNAL VISUAL 
METHOD 2009 


QUALITY CONFORMANCE INSPECTION 
GROUP A (METHOD 5005) 
(STEP 16 OF 100% SCREENING 
REQUIREMENT) 
SAMPLE SIZE = 116/0 


GROUP B (METHOD 5005) 
TABLE Ila BY LOT 
GROUP D (METHOD 5005) 
T.8.D. BY P.O. 


JAN B PROCESSING FLOW 


WAFER FAB CERTIFICATION 
MIL-STD-976 


GSI/RSI 
CERTIFIED MANUFACTURING LINES 
DESC 


WAFER FABRICATION & DEVICE ASSEMBLY 
TRACEABILITY TO DIFFUSION LOT 


INTERNAL VISUAL 
METHOD 2010 
CONDITION B 


SEALING 
TOPSIDE SYMBOL 


TEMPERATURE CYCLE 
METHOD 1010 
CONDITION C 


OPTIONAL PRE-BURN-IN 
ELECTRICAL PARAMETERS 


BURN-IN TEST 
METHOD 1015 


CONDITION A OR D 


POST-BURN-IN ELECTRICAL PARAMETERS 
PERCENT DEFECTIVE ALLOWABLE 
(PDA) CALCULATION 
FINAL ELECTRICAL TEST 
TABLE 1 — METHOD 5004 


FINE/GROSS LEAK DETECTION 
METHOD 1014 
CONDITION B AND C 


EXTERNAL VISUAL 
METHOD 2009 


QUALITY CONFORMANCE INSPECTION 
GROUP A METHOD 5005 
SAMPLE SIZE = 116/0 (SEE NOTE) 


GROUP B METHOD 5005 
TABLE IIb 
GROUP C METHOD 5005 
TABLE Ill 


GROUP D METHOD 5005 
TABLE IV 


DESC/SNJ/SMJ PROCESSING FLOW 


CERTIFIED MANUFACTURING LINES 
BY Tl QUALIFYING ACTIVITY 


WAFER FABRICATION & DEVICE ASSEMBLY 
TRACEABILITY TO DIFFUSION LOT 


INTERNAL VISUAL 
METHOD 2010 
CONDITION B 


TEMPERATURE CYCLE 
METHOD 1010 
CONDITION C 


CONSTANT ACCELERATION 
METHOD 2001 
CONDITION E 


TOPSIDE SYMBOL 
OPTIONAL PRE-BURN-IN 
ELECTRICAL PARAMETERS 


BURN-IN TEST 
METHOD 1015 
CONDITION A OR D 


POST-BURN-IN ELECTRICAL PARAMETERS 
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PERCENT DEFECTIVE ALLOWABLE 
(PDA) CALCULATION 


FINAL ELECTRICAL TEST 
TABLE | — METHOD 5004 
(STEP 16 OF 100% SCREENING 
REQUIREMENTS) 


FINE/GROSS LEAK DETECTION 
METHOD 1014 
CONDITION B AND C 


EXTERNAL VISUAL 
METHOD 2009 


QUALITY CONFORMANCE INSPECTION 


GROUP A METHOD 5005 
(STEP 16 OF 100% SCREENING 
REQUIREMENTS) 
SAMPLE SIZE = 116/0 


GROUP B METHOD 5005 
TABLE IIb 
GROUP C METHOD 5005 
TABLE III 
GROUP D METHOD 5005 
TABLE IV 


SN/SM PROCESSING FLOW 


ASSEMBLY 


TOPSIDE SYMBOL 
FINAL ELECTRICAL TEST 
(SEE NOTE 15) 


FINE/GROSS LEAK DETECTION 
METHOD 1014 
CONDITION B AND C 


EXTERNAL VISUAL 
METHOD 2009 


NOTE 15. Contact the factory for detail test information. 
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SYMBOLIZATION 


a | 
43 = Example: JANB 
YQ 54LS161A 


Order As: JM38510/31504BEA 


31504BEA 90XX 
A8 


SNJ54LS161AJ Example: SNJ 
54LS161A/BEAJC S4LS161A 
7600801EA 4 Order As: SNJ54LS161AJ 
Yas TAIWAN# i 
cl 76O00801EA 
SN54LS161AJ ets ti 
54LS161A 


Order As: SN54LS161AJ 


SNJ54S$381J Example: SNJ 
54S381/BRAJC MIL-STD-883 


Noncompliant Product 
Order As: SNJ54$381J 


SMJ Example: SMJ 
27C256-20JM 27C256 
5962-8606301XA 4 Order As: SMJ27C256-20JM 
or 

OOXXY 5962-8606301 XA 


SM 


4C1024-10JDM aan 0) 


4C1024-10JDM 
Order As: SM4C1024-10JDM 


Q = Die wafer fab date code 
= ESD marking 
Where TI is an approved source. 
Country of origin may be located on package underside. Singapore is sometimes abbreviated “SOF: 
C’’ marking denotes MIL-STD-883 Compliant Product 


A 
Tl bug is optional 
¥ 
A 
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ESD MARKINGS 


ESD VOLTAGE RANGE 


MIL-M-38510 
ESD CLASS 
DESIGNATION 


1 Triangle 0—1999 V 
2 Triangles | 2000-3999 V 
No Triangle | _>4000 V 


QUALITY CONFORMANCE INSPECTION 


Group A Electrical Tests for Class S and B Devices 


DESCRIPTION 


Static tests at 25°C 


Static tests at maximum-rated operating temperature 


Static tests at minimum-rated operating temperature 


[9 | Switching tests at 25°C 


NOTES: 16. The specific parameters to be included for tests in each subgroup shall be 
specified in the applicable procurement document. Where no parameters have 
been identified in a particular subgroup or test within a subgroup, no Group 
A testing is required for that subgroup or test. 

17. Group A testing by subgroup or within subgroups may be performed in any 
sequence, unless otherwise specified. 

18. The sample plan (quantity and accept number) for all tests or subgroups shall 
be 116/0. 

19. The quantity can be greater but the accept number shall remain at zero. If the 
lot size is less than required sample size, each part must be tested and all failed 
devices removed. 

20. If any device in the sample fails, all devices in the lot represented by the samples 
must be tested using the same procedures and setup. All failed devices must 
be removed. 
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Group B Tests of S Class Devices (See Note 21) 


Subgroup 1 
a. Physic 


MIL-STD-883 QUANTITY/ 
+ (ACCEPT NO.) 
METHOD CONDITION OR LTPD 


al dimensions (Note 22) 2016 2(0) 
b. Internal water-vapor content 1018 5000 ppm maximum water content 3(0O) or 
(Note 22, 23) at 100°C 5(1) (Note 24) 


Subgroup 2 (Note 25) 
a. Resistance to solvents 


b. Internal visual and mechanical 


Failure criteria from design and 
construction requirements of 
applicable acquisition document 


c. Bond strength LTPD=10 
(1) Thermocompression 1. Test condition C or D (Note 26) 


(2) Ult 


rasonic 2. Test condition C or D 


(3) Flip chip 3. Test condition F 
(4) Beam lead 4. Test condition H 
d. Die shear test In accordance with Method 2019 


for the applicable die size 


Subgroup 3 
Solderability (Note 27) Soldering temperature of 245°C LTPD=10 


+5°C 


Subgroup 4 (Note 22) 


a. Lead integrity (Note 28) Test condition B2, lead fatigue 
b. Seal | 
(a) Fine 
(b) Gross 
c. Lid torque (Note 29) As applicable 


NOTES: 21. 


22. 
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As applicable 


Post burn-in electrical reject devices from the same inspection lot may be used for all subgroups when end- 
point measurements are not required. 

Not required for qualification or quality conformance inspections where Group D inspection is being performed 
on samples from the same inspection lot. 


. This test is required only if it is a glass-frit-sealed package. 


Test three devices; if one fails, test two additional devices with no failures. 


. Resistance to solvents testing required only on devices using inks or paints as a marking medium. 
. Unless otherwise specified, the LTPD sample size for conditions C and D is the number of bond pulls selected 


from a minimum number of four devices, and for condition F or H is the number of dice (not bonds). 


. The LTPD applies to the number of leads except in no case shall less than three devices be used to provide 


the number of leads needed. 


. For leadless chip carrier packages only, use test condition D. 
. Lid torque test shall apply only to glass-frit-sealed packages. 


Group B Tests of S Class Devices (See Note 21) (continued) 


MIL-STD-883 QUANTITY/ 


TEST (ACCEPT NO.) | 
METHOD CONDITION OR LTPD 


Subgroup 5 (Note 30) 
a. End-point electrical As specified in the applicable 
parameters (Note 31, 32) device specification 
. Steady state life (Note 33) 1005 Test condition C, D, or E 
c. End-point electrical As specified in the applicable LTPD=5 
parameters (Note 31) device specification : 


Subgroup 6 


As specified in the applicable LTPD=15 
device specification 


a. End-point electrical 
parameters 

b. Temperature cycling 1010 Condition C, 100 cycles min. 

c. Constant acceleration 2001 Test condition E: Yi orientation only 

. Seal 1014 

(a) Fine 
(b) Gross 

As specified in the applicable 


. End-point electrical 
device specification 


Subgroup 7 (Note 34) | 
a. Electrical parameters Group A and delta limits in | 3(Q) 
accordance with Method 3015 
b. Electrostatic discharge 3015 
sensitivity 
c. Electrical parameters Group A and delta limits in 15(0) 
| accordance with Method 3015 


parameters 


NOTES: 30. The alternate removal-of-bias provisions of 3.3.1 of Method 1005 shall not apply for test temperatures 
above 125°C. 
31. Read and record Group A subgroups 1, 2, and 3. 
32. For qualification, read and record data for all Group A subgroups satisfies the data requirement of 
MIL-M-38510, 4.4.2.1.6a. 
33. The same test temperature that was used for burn in shall be used for the steady-state life test. 
34. Unless otherwise specified, test shall be performed for initial qualification and product redesign as a minimum. 
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Group B Testing For Class B Devices (See Note 35) 
GROUP B TEST METHODS (PACKAGE-RELATED TESTS) 


MIL-STD-883 QUANTITY/ 
bill (ACCEPT NO.) 
METHOD CONDITION OR LTPD 
Subgroup 2 
a. Resistance to solvents 2015 


Subgroup 3 
a. Solderability (Note 36) 2003 Soldering temperature of 245°C 
a te 
Subgroup 5 | 
a. Bond strength (Note 37) 2011 1. Test condition C or D 
(1) Thermocompression 2. Test condition C or D 
(2) Ultrasonic or wedge 


NOTES: 35. Electrical reject devices from the same inspection lot may be used for all subgroups when end-point 
measurements are not required. 

36. The LTPD for solderability test applies to the number of leads inspected except in no case shall less than 
3 devices be used to provide the number of leads required. 

37. Test samples for bond strength may, at the manufacturer’s option, unless otherwise specified, be randomly 
selected prior to or following internal visual (PRESEAL) inspection specified in Method 5004 prior to sealing 
provided all other specifications requirements are satisfied (e.g. bond strength requirements shall apply to 
each inspection lot, bond strength samples shall be counted even if the bond would have failed internal 
visual exam). Unless otherwise specified, the LTPD sample size for condition C or D is the number of bond 
pulls selected from a minimum number of 4 devices, and for condition F or H is the number of die (not 
bonds) (see Method 2011). 


Group C Testing For Class B Devices 
GROUP C TEST METHODS (DIE-RELATED TESTS) 
(ACCEPT NO.) 


Subgroup 1 
a. Steady state life test 1005 Test condition to be specified 
(1,000 hours at 125°C or equiv. 
test) 
b. End-point electrical As specified in the TI! device data 
parameters book 
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Group D Testing (For All Products) 
GROUP D TEST METHODS (PACKAGE-RELATED TESTS) 


MIL-STD-883 QUANTITY/ 
TEST (Note 38) (ACCEPT NO.) 
METHOD CONDITION OR LTPD 


Subgroup 1 (Note 39) 15 
a. Physical Dimensions 2016 


Subgroup 2 (Note 39) 


(1) Fine 
(2) Gross 


Subgroup 3 (Note 42) 
a. Thermal shock Test condition B as a minimum, 


a. Lead integrity (Note 40) 2004 Test condition B2 (lead fatigue) 
b. Seal (Note 41) 1014 As Applicable 15 


15 cycles minimum 


b. Temperature cycling Test condition C, 100 cycles 


minimum 


c. Moisture resistance (Note 43) 


d. Seal 


As applicable 


(1) Fine 
(2) Gross 
e. Visual examination Per visual criteria of Method 1004 


and 1010 


f. End-point electrical As specified in the Tl device data 


parameters (Note 44) book 


NOTES: 38. 


In-line monitor data may be substituted for subgroups D1, D2, D6, D7, and D8 upon approval by the qualifying 
activity. The monitors shall be performed by package type and to the specified subgroup test method(s). 
The monitor sample shall be taken at a point where no further parameter change occurs, using a sample 
size and frequency of equal or greater severity than specified in the particular subgroup. This in-line monitor 
data shall be traceable to the specific inspection lot(s) represented (accepted or rejected) by the data. 


. Electrical reject devices from that same inspection lot may be used for samples. 
. For leadless chip carrier packages only, use test condition D. For leaded chip carrier packages, use condition 


B1. For pin grid array leads and rigid leads, use Method 2028. 


. Seal test (subgroup 2b) need be performed only on packages having leads exiting through a glass seal. 
. Devices used in subgroup 3, ‘‘Thermal and Moisture Resistance’’ may be used in subgroup 4, ‘’Mechanical’’. 
. Lead bend stress initial conditioning is not required for leadless chip carrier packages. 

. At the manufacturer’s option, end-point electrical parameters may be performed after moisture resistance 


and prior to seal test. 
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GROUP D METHODS (PACKAGE RELATED-TESTS) (continued) 


MIL-STD-883 QUANTITY/ 


TEST (Note 38) (ACCEPT NO.) 
METHOD CONDITION OR LTPD 


Subgroup 4 (Note 42) 
. Mechanical shock Test condition B minimum 


. Vibration, variable frequency Test condition A minimum 


document 
. Constant acceleration Test condition E minimum 
(NOTE 40), Y1 orientation only 
. Seal As applicable 
(1) Fine 
(2) Gross 
. Visual examination (Note 45) 
. End-point electrical As specified in the Tl device data 
parameters book 
Subgroup 5 (Note 39) 
a. Salt atmosphere (Note 43) Test condition A minimum 
b. Seal As applicable 
(1) Fine 
(2) Gross 
c. Visual examination Per visual criteria of Method 1009 
Subgroup 6 (Note 39) 
a. Internal water-vapor content 5,000 ppm maximum water content 
at 100°C 


3(0) or 5(1) 
(Note 46) 


Subgroup 7 (Note 39) 
a. Adhesion of lead finish 
(Notes 47, 48) 
Subgroup 8 
a. Lid torque (Notes 39, 49) 


NOTES: 38. !n-line monitor data may be substituted for subgroups D1, D2, D6, D7, and D8 upon approval by the qualifying 
activity. The monitors shall be performed by package type and to the specified subgroup test method(s). 
The monitor sample shall be taken at a point where no further parameter change occurs, using a sample 
size and frequency of equal or greater severity than specified in the particular subgroup. This in-line monitor 
data shall be traceable to the specific inspection lot(s) represented (accepted or rejected) by the data. 

39. Electrical reject devices from that same inspection lot may be used for samples. 

40. For leadless chip carrier packages only, use test condition D. For leaded chip carrier packages, use condition 
B1. For pin grid array leads and rigid leads, use Method 2028. 

42. Devices used in subgroup 3, '’Thermal and Moisture Resistance’’ may be used in subgroup 4, ‘‘Mechanical’’. 

43. Lead bend stress initial conditioning is not required for leadless chip carrier packages. 

45. Visual examination shall be in accordance with Method 1010 or 1011. 

46. Test three devices; if one fails, test two additional devices with no failures. At the manufacturer's option, 
if the initial test sample (i.e., 3 or 5 devices) fails a second time, a complete sample may be tested at an 
alternate laboratory that has been issued suitability by the qualifying activity. If this sample passes, the 
lot shall be accepted provided the devices and data from both submissions is submitted to the qualifying 
activity along with 5 additional devices from the same lot. 

47. The adhesion of lead finish test shall not apply for leadless chip carrier packages. 

48. LTPD based on number of leads. 

49. Lid-torque test shall apply only to packages that use a glass-frit-seal to lead frame, lead, or package body 
(i.e., wherever frit seal establishes hermeticity or package integrity). 
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GLOSSARY OF TERMS 


Accelerated Burn-in 


Same as burn-in except a higher temperature (nominally at 150°C) is used over a reduced 
time period. Accelerated testing is not allowed for Class S devices. 


Accept Number 


The maximum number of devices that may fail a sample test without causing rejection 
of the lot. 


Bond Pull 
Pulling of the bond wires to destruction to determine the strength of the bonds. 
Burn In 


A screening operation subjecting devices to high temperature (commonly at 125°C) and 
normal power and operation for 160 hours (Class B) and 240 hours (Class S). 


Certificate of Conformance 


A certificate provided by a manufacturer’s QA department that confirms that all material 
in that lot conforms to all applicable specifications. 


Class 


Per MIL-STD-883, there are two product assurance classes representing different levels 
of expected device reliability: 
Class B — For unmanned flight applications or high-reliability ground support systems 
Class S — For manned space flight or extremely high-reliability aerospace applications. 


DESC Drawing 


Standardized screening requirements for military components. It is viewed as a preliminary 
specification prior to JAN approval. It ranks second in the order of purchasing hierarchy 
to JAN. Now called Standard Military Drawing (SMD). 


DPA (Destructive Physical Analysis) 

Finished products are opened and analyzed. 
Fine Leak 

Leak or seal testing done on all hermetic packages for leak rates in the 5— 10 cc/sec range 
Generic Data 


Data pertaining to a device family, not necessarily on a specific part but representative 
of it. Group C and D generic data can be supplied in lieu of qualification or quality 
conformance when applicable. 


Glass-Frit Seal 


A seal that is made by melting and rehardening a glass seal ring between the package 
base and the lid. 
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Gross Leak 
Leak or seal testing that looks for devices with gross seal defects. 
Group A 


Electrical test sampling performed on each lot. Testing is performed on all subgroups as 
defined in Test Method 5005. 


Group B 
Environmental/wear-and-tear/visual sample tests defined in Test Method 5005. 
Group C 


Operating life sample testing for die reliability. Defined in Test Method 5005 and performed 
once a year per MIL-M-38510. 


Group D 


Environmental sample tests to verify die and package reliability. Performed every 6 months 
on JM38510 products and once a year on 883C Class B products. 


JAN (Joint Army Navy) 


The trademark designator indicating that a given device is fully compliant with 
MIL-M-38510. 


Lid Torque 


A test for the integrity of the seal of a semiconductor device (usually glass-frit seal) made 
by twisting the package and the lid in opposite but parallel directions. 


LTPD (Lot Tolerance Percent Defective) 


A single-lot sampling method that statistically ensures rejection of 90% of all lots having 
a greater percent defective than the specified LTPD. 


MIL-M-38510 

General specification for ICs. 
M38510/XXXXXXX 

Detail specifications or ‘‘slash sheets’’ for ICs. 


MIL-STD-883 


Test methods for ICs covering various mechanical, environmental, and electrical 
processing. 


Nondestructive Bond Pull 


Pull stressing of the wires on a device to a pull force that is less than the minimum pull 
force limit given for destructive bond pull. 


Operating Life Test 


Sample test using the same conditions as burn-in, but usually lasting 1000 hours. 
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PDA (Percent Defective Allowable) 

The maximum percentage of a lot that may fail without rejecting the lot. 
PIND (Particle Impact Noise Detection) 

A test used to detect devices containing internal loose particles. 
Qualification Testing 


An initial test, one-time only, used to determine the reliability and usefulness of a device 
for a specific purpose. 


Quality Conformance Inspection 


Sample tests performed on a periodic basis that determine conformance of quality and 
reliability standards and ensure a continuing level of quality for the device type under test. 


Screening 
Procedures performed on devices on a 100% basis. 
Solder-dip date/Solderability 


The date of solder dip and/or the date of solderability testing will be reflected in the 
manufacturer’s certificate of conformance as the lot date code or the date of lot 
reacceptance, as applicable. 


Wafer Fab 


The wafer fabrication portion of the semiconductor manufacturing process. 
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Linear/Interface 


Microprocessor —s—y 


-Radiation-Hardened ICs | 


cows a oe 


Optoclectronics_ 
DESC Drawings : 


Space Products _ : o oe 


European & Space Specifications — ie : 


Data Sheets 


Logic Testing Philosophy _ 


: Process Flows 


Mechanical 


Se 
Cc 
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Mechanical 


Packages 


The packages offered by the Military Products Division of Texas Instruments Semiconductor 
Group are designed to provide the most efficient and cost-effective method of meeting Military 
system requirements. Products are offered in hermetic ceramic dual-in-line, ceramic flatpack, 
leadless ceramic chip carrier, leaded ceramic chip carrier, and ceramic pin grid array packages. 
All packages conform to the mechanical outlines contained in Appendix C of MIL-M-38510 
except for package types that are not included in that specification. In the event of a conflict 
between dimensions contained in MIL-M-38510 Appendix C and other Tl-published mechanical 
outlines, contained in data books, MIL-M-38510 will take precedence. 


Physical dimensions of the packages not contained in MIL-M-38510 Appendix C are contained 
in this document. 


Ceramic Packages Available 


Pe ee 
DESCRIPTION 

DESIGNATOR 

Three-Layer Square ‘’J’’ Formed LDCC 

Side-Brazed CDIP 

HK 


P HK Side-Brazed Flatpack version of the HJ 
Metal Can 
U, WA, WC, W Flatpack 
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The TI published mechanical outlines for a given package type may vary slightly from product 
to product. To identify the detailed outline drawing for a particular product, refer to the specific 


data sheet for that product. There will be detail outline subsets within a generic package category 
that will be identified as follows: 


AA YV¥ Z 
. a Specific Outline Revision 
Number of Terminals 
Basic Package Identifier 


For example, there are two ‘‘FV”’ package outlines identified in this book: 


Mechanical Outline Description 


FVO18 18-Pad Leadless Ceramic Chip Carrier used for 
SMJ4256-XXFV 
FVO18A 18-Pad Leadless Ceramic Chip Carrier used for 


SMJ4464-XXFV 
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Mechanical Outlines 


THERMAL 


TYPICAL 
: 
SIZE/ PACKAGE APPLICABLE pAckAGeE | See 
DESIGNATOR TYPE SPECIFICATION WEIGHT 


440 


Rasc | Rea 
MAX | TYP 
3-pin LD Metal Can TI drawing | 6 100CwdT = 


; Ceramic MIL-M-38510, App. C, 
a lian Dual-In-Line D-4, Config 1 p10 10 
; MIL-M-38510, App. C, 
10-pin U Ceramic Flatpack F-4, Config 1 
Ceramic MIL-M-38510, App. C, 
ene Dual-In-Line | D-1, Config 1 = ioe 
: MIL-M-38510, App. C, 
Ceramic Flatpack Po, Config 1 0.4 ae 180 
“IVE ' . ’ O 2 


NO 
© 


=e 
=n : 
Ceramic Flatpack = oan Pepe p05 22 165 
=n 
oo 
ae 
re 
1.1 


0O 
ee) 


: fs] 


on 
is 


Dual-In-Line D-8, Config 3 
Ceramic Flatpack 
che Gar 
—s 
coca [Ramee || 


data. Thermal resistance is not production tested and values are given for informational purposes only. Data is 
representative of alloy-mounted die. 


NO 
NO 
— 
e) 
O 


No 

oO 

oO) 
fa 
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Mechanical Outlines 


THERMAL 


TYPICAL ; 
SIZE/ APPLICABLE PACKAGE | "HO STANCE 
DESIGNATOR SPECIFICATION WEIGHT 
IN GRAMS 


Regsc RaJA 
MAX TYP 


68-pin GB Pin Grid Array MIL-M-38510, App. © 
P-BC 


TRaIc values are derived from MIL-M-38510 Appendix C and represent values associated with test chips 360 square 
mils in area. Raja values are not contained in MIL-M-38510 but are derived from Texas Instruments characterization 
data. Thermal resistance is not production tested and values are given for informational purposes only. Data is 
representative of alloy-mounted die. 
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Texas Instruments started implementing a process change on MIL-STD-883 Class B (SNJ) C- 
DIP product in 3089. The change is to convert from a gold-eutectic die mount to a silver-filled 
glass mount technology. The process started with the HC logic family and is being phased 
into other logic families. The following table provides thermal data on the silver-filled glass 


mounting process. 
THERMAL 
RESISTANCE? 
SIZE/ PACKAGE 
DESIGNATION TYPE 


Ceramic 
14-pin J 18 88 
Dual-In-Line 
Ceramic 
16-pin J 1 
Dual-In-Line 
Ceramic 
20-pin J 
| Dual-In-Line 
Ceramic 
24-pin JT 1 
| Dual-In-Line 
Ceramic 
| 28-pin J 7.8 41 
Dual-In-Line 


TRaJC values are derived from MIL-M-38510 Appendix C and represent 
values associated with test chips 360 square mils in area. Rg ja values 
are not contained in MIL-38510 but are derived from Texas 
Instruments characterization data. 
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STANDARD PACKAGES BY PRODUCT LINE 


Product Family 
Package Programmable 
4 Logic | Linear " MOS Memory | Microprocessor | ASIC VHSIC 
Logic/Memory 


T SEL means this package Is available only on selected part types. 
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Thermal Resistance 


Thermal resistance varies greatly with die size. Within the same package, Rg jc will be lower 
as the die size is increased. Typical values for Rgjc are shown in the plot of Rgjc vs die size. 


THERMAL RESISTANCE vs DIE SIZE 


30 
sa X = CDIP 
@ = FLATPACK 
4 = LCC/LDCC/PGA 


Resc— °C/W 


0 50 100 


150 200 250 300 350 


Die Size in Square Mils — 


In addition to the values derived from the plot of Rgjc vs Die Size, the following are 
measurements on specific product-related packages containing test chips that approximate 
the actual size of the production die that will normally be mounted within the package. 
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Typical Thermal Resistance of 
Selected DRAM/VRAM Packages 


Resc | Rea 
PACKAGE 


SMJ4C 1024 18-pin JD 
SMJ44C256 20-pin JD 
SMJ4461 24-pin JD 
SMJ4C1024/SMJ44C256 20-pad FQ 
SMJ4C1024/SMJ44C256 20-pin HK 
SMJ4C1024/SMJ44C256 20-pin HJ 


PACKAGE DESCRIPTIONS 


Dual-in-line 


J/JT These hermetically sealed dual-in-line packages consist of a ceramic base, ceramic cap, 
18-, 20-, or 24-pin lead frame. Hermetic sealing is accomplished with glass. 
The packages are intended for insertion in mounting-hole rows on 7,62-mm (0.300-inch) or 
15,24-mm (0.600-inch) centers. Once the leads are compressed and inserted, sufficient tension 
is provided to secure the package in the board during soldering. Solder-coated leads require 


and a 14-, 16-, 


no additional cleaning or processing when used in soldered assembly. 


14-PIN 


24-PIN 
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™ 


A 


lin 2 


16-PIN 18-PIN 


20-PIN 


24-PIN 28-PIN 


JD This hermetically sealed ceramic dual-in-line package consists of side-brazed leads with 
a solder-coated lead finish. The package is available for insertion in mounting-hole rows on 
7,62-mm (0.300-inch), 10,16-mm (0.400-inch), or 15,24-mm (0.600-inch) centers. 


JG This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, 
and 8-pin lead frame. The package is intended for insertion in mounting-hole rows on 7,62-mm 
(0.300-inch) centers. Once the leads are compressed and inserted, sufficient tension is provided 
to secure the package in the board during soldering. Solder-coated leads require no additional 
cleaning or processing when used in soldered assembly. . 


Pin Grid Array 


GB Pin Grid Arrays will be utilized for military logic array designs that require a high I/O count. 
They are a ceramic multilayer plug-in package with selected leads especially designed for low 
resistance and low inductance. Designed with cavity up, the pin grid arrays will typically have 
100-mil spacing. Solder-coated leads require no additional cleaning or processing when used 
in soldered assembly. 
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Leadless Chip Carrier 


Each of these hermetically sealed leadless packages consists of a 3-layer ceramic base and 
a metal lid (gold/nickel-plated kovar). Hermetic sealing is accomplished with a gold-tin solder 
braze. Contact terminations are solder-coated with spacings on 15,29-mm (0.050-inch) centers. 
These packages are designed for direct PC board mounting by reflow soldering or socket 


mounting. 


FD/FK These are square chip carriers used for logic, linear, gate array, and microprocessor 
product families. The FK designation denotes devices that conform to JEDEC pinout standards; 


the FD designation denotes non-JEDEC defined pinouts. 


FG/FQ/FV/HL/HM These are rectangular chip carriers used for memory products. The FO 
designator denotes a package that is for the 1M-bit DRAM family and is footprint-compatible 


with the HJ package. 
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Leaded Chip Carrier 


The leaded chip carriers are intended to address surface mount packaging applications for devices 
having a pin count of 44 leads or more. They are hermetic ceramic structures that have compliant 
leads that will absorb stress/strain due to differential expansion rates between the package 
and the PC board. 


FJ These are square ‘‘J’’ formed ceramic leaded chip carriers used for microprocessor, display 
driver, and ASIC product families. The packages consists of a 3-layer alumina ceramic case, 
a metal lid (gold/nickel-plated kovar), and a braze-attached lead frame. Hermetic sealing is 
accomplished with a gold-tin solder braze. The lead material is Alloy 42 base with nickel followed 
by gold plating. The final lead finish is gold plate or solder-coated. Leads are spaced on 
0.050-inch centers. These packages are designed for direct PC board mounting by reflow 
soldering or socket mounting. 


Flatpack 


HK This hermetically sealed 20-pin flatpack was specifically designed for the 1M-bit DRAM 
product family. The package consists of a multilayer alumina ceramic base, a metal lid, and 
a braze-attached lead frame. The lead material is Alloy 42 base followed by nickel plate followed 
by gold plate. The final lead finish is gold plate or solder-coated. Leads are spaced on 0.050 
inch centers. These packages are designed for direct PC board mounting by reflow soldering 
or socket mounting. 
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U This flat package consists of a ceramic base and cap, and 10-pin lead frame. Die are alloy- 
mounted. Hermetic sealing is accomplished with glass. Solder-coated leads require no cleaning 
or processing when used in soldered assembly. 


W Each of these hermetically sealed flatpacks consists of an electrically nonconductive ceramic 
base and cap, anda 14-, 16-, 20-, or 24-pin lead frame. Hermetic sealing is accomplished with 


glass. Tin-plated or solder-coated leads require no additional cleaning or processing when used 
in soldered assembly. 


WA This hermetically sealed 14-pin flatpack consists of an electrically nonconductive ceramic 
base and cap. It is a smaller version of the 24-pin W flatpack. Hermetic sealing is accomplished 


with glass. Tin-plated or solder-coated leads require no additional cleaning or processing when 
used in soldered assembly. 


WC This hermetically sealed 24-pin flatpack consists of an electrically nonconductive ceramic 
base and cap. It is a smaller version of the 24-pin W flatpack. Hermetic sealing is accomplished 


with glass. Tin-plated or solder-coated leads require no additional cleaning or processing when 
used in soldered assembly. 
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Ceramic Small Outline 


HJ This hermetically sealed 20-pin J-leaded small-outline package was specifically designed 
for the 1M-bit DRAM product family. The package consists of a multilayer alumina ceramic 
base, a metal lid and a braze-attached ‘’J’’ formed lead frame. The lead material is Alloy 42 
base followed by nickel plate followed by gold plate. The final lead finish is gold plate or solder- 
coated. Leads are spaced on 0.050 inch centers. These packages are designed for direct PC 
board mounting by reflow soldering or socket mounting. 


Metal Can 


L, LD This family of hermetically sealed metal-can packages are unique to the linear product 
family. The package consists of a nickel-plated kovar base with a nickel lid. The lead base material 
is nickel-plated kovar. The final lead finish is solder-coated and they require no additional cleaning 
or processing when used in a flow-soldered assembly. 
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FD044, FDO68 leadless ceramic chip carrier packages 


A 
CERAMIC CHIP CARRIERS 


| | JEDEC NO. OF 
_|__28 27 _ 26 25 24 23 22 21 20 19 18 OUTLINE , 


TERMINALS 
DESIGNATION* ‘ 


422) 10-458 064: -080):: 
16,26 16.76 14, 3 1,75 , 
MS004CD 
(0. ae (0. wl (0.560) | (0. _ (0.120) 
§ a ae 
28, , 
MSOO4CE oS 24 43° 21,89 2,08 a 
. 938) (0. edie (0.862) | (0. G2) (0.120) 


*All dimensions and notes for the specified JEDEC outline apply to the 
FK package. 


INDEX CORNER 


40 41 42 43 


0,64 (0.025) 
0,38 (0.015) 


2,41 (0.095) ¥ 0,64 (0.025) 
1,91 (0.075) 0,38 (0.015) 
: es 


0,635 (0. 0,635 (0.025) TYP 
EE 0,635 x 1,27 


LH E | a EY aE EVES aa (0.025 x 0.050) 


TYPICAL 


om = = 
rE 3 iS aahmameert 


G-- 


1,27 i 2 


0,38 (0.015) TYP igieer 1,14 (0.045) 


ra 0,89 (0.035) 


pick ei teeth Ct (0.045) 
0,56 (0.022) ee a telat 5 


0,381 (0.015) R 0,89 (0.035) 
0,076 (0.003) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE A: The checkerboard pattern is aligned vertically with the contact pads and is symmetrical horizontally 
as shown; it is applicable to some 44-terminal packages only. 
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FJ ceramic chip carrier package 
(44-pin package used for illustration) 


INDEX MARK 
(OPTIONAL) 


136 1,09 (0.043) 


43 Ben ebtntth 2 
0,84 (0.033) 


Cc TOP VIEW 
126 134 
13, 133 
14£ 
0,64 (0.025) 
156 131 (0,38 (0.015) 
16F 130 
: 129 


Pu A AU Ls 
1,47 (0.058) hh 19 20 21 22 23 24 25 26 27 28 
0,38 (0.015) MIN 


1,07 (0.042) 


et 1.3 27 (0.050) NOM emt olttd 
gue | es ee | en | =F 0.28 10.011 


0,18 (0.007) 


2,16 (0.085) 


LID 
1,65 (0.065) : 0,38 (0.015) 


0,13 (0.005) 
0,89 (0.035) 
0,64 (0.025) 


BOTTOM VIEW D 


0,56 (0.022) 
0,31 (0.012) 


+ 


o5 "Oe oD Oo .D o@. oD eae ome . RAD 

1,27 (0.050) . 4co 0,51 1(0. 020) | 0,89 (0.035) l. x! 3,05 (0.120) 

0,76 (0.030) 0,25 (0.010) 0.64 (0.025) 2,54 (0.100) 
3 PLACES 


(0.680) (0.700) | (0.641) (0.659) | (0.495) (0.507) | (0.610) (0.650) | (0.060) (0.080) 
24,89 25,40 23,88 24,51 20,19 20,52 23,11 24,13 1,91 2,41 
(0.980) (1.000) | (0.940) (0.965) | (0.795) (0.808) | (0.910) (0.950) | (0.075) (0.095) 


aa 17,27 17,78 16,28 16,74 12,57 =e 15,49 16,51 1,52 2,03 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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FQ0O20, HLO20 small-outline leadless ceramic chip carrier 


FQ020, HLO20 


17,35 (0.683) 


| 16,94 (0.667) 


9,02 (0.355) 
8.76 (0.345) 
INDEX ra 
(1 OF 2 PLACES) 
1,22 (0.048) 
15,44 (0.608) | 0,71 (0.028) 


15,04 (0.592) 


| 
B J A 
0,77 (0.030) 


| 1,40 (0.055) . 0,51 (0.020) 


1,14 (0.045) 
0,20 (0.008) RADIUS TYP 


2,29 (0.090) TYP 


1,27 (0.050) TYP 


N N N N N Mw 
1,22 0.048) _| 
0,71 (0.028) 15,44 (0.608) 


15,04 (0.592) 


a PB 
MIN MAX MIN MAX 


lye 2,34 0,81 1.47 
FQ020 
(0.069) (0.092) (0.032) (0.058) 
1,63 1,91 0,66 1,04 
HLO20 
(0.064) (0.075) (0.026) (0.041) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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FV0O18 leadless ceramic chip carrier 


FV018 


7,37 (0.290) _ 
7,11 (0.280) 


re (0.270) mu 
11 10 9 8 


12 7 
12.45 (0.490) 
13 6 12,19 (0.480) 
14 5 11,94 (0.470) 
MAX 
15 
16 


0,76 (0.030) 
0,56 (0.022) 


H 


A 
1,27 (0.050) +¢—} | | 0,76 (0.030) 2,18 (0.086) 
0,56 (0.022) 7,83 (0.0.72) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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GB pin grid array ceramic package 


68-PIN GB PACKAGE 
28,4 (1.120) 


27,4 (1.080) 
13,5 (0.530) 
NOM 


a 
| 


28,4 (1.120) 
27,4 (1.080) 


13,5 (0.530) 
NOM 


4,57 (0.180) 


3,56 (0.140) 1,93 (0.076) 
-¥ 1,35 (0.053) 


| eee 3 
3,56 (0.140) 0,508 (0.020) -o be 1,42 (0.056) pin 


2,39 (0.094) 0,406 (0.016) 1,12 (0.044) 
2,54 (0.100) T.P. 


2,54 (0.100) T.P. 


BOTTOM 
VIEW 


QOOOOOOOOOO®O 
MmOLOLOTOICIOIC IONS aes 1,27 (0.050) 


INDEX 7 8 9 NOM 
(See Note A) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE A: Pins are located within 0,127 (0.005) radius of true position relative to each other at maximum 
material condition and within 0,254 (0.010) radius relative to the center of the ceramic. 
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HJO20 ceramic chip carrier 


17,40 (0.685) 
16,89 (0.665) 


15,44 (0.608) 
——______ __.j 
15,04 (0.592) 1,22 (0.048) 


TYP 


| 0.71 (0.028) 028) 4PLCS 


8,59 (0. 8,59 (0.338) 
8,18 (0.322) 


1,42 (0.056) 2,59 (0.102) 0,25 (0.010) 3,48 (0.137) 
1,12 (0.044) 2,03 (0.080) 0,15 (0.006) 2,90 (0.114) 


7,82 (0.308) 


| | 6.71 (0.264 
0,56 (0.022) aes tl r 
0.89 (0.035) 
1,40 (0.055) 


0,30 (0.012) ——___—_ 
0,64 (0.025) 
1,14 1,14 (0.045) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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HKO20 ceramic flatpack 


25,40 (1.000) 
| 24,89 (0.980) 
9,78 (0.385) _ 


-— | 
9,52 (0.375) o 
- 


8,00 (0.315) 
7,50 (0.295) 


1,27 (0.50) TYP PIN 1 


| 
17,27 (0.680) 
16,77 (0.660) 
| 


| 


= 
= 
mn 
—. eee 
= 
= 
_ =n 
= 
ee 


0,432 (0.017) NOM 7 


+ 


——= 


2,77 (0.109) 


2,41 (0.095) 2.41 (0.095) 
0,20 (0.008) , 1.91 (0.075) 


0,10 (0.004) 


0,64 (0.025) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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HM0O20 leadless ceramic chip carrier 


PIN 1 INDEX AREA 


0,51 (0.020) 
0,13 (0.005) 
4 PLACES 


x 45° CHAMFER 


17,96 (0.707) 


17,60 (0.693) 


2,31 (0.091) 
1,75 (0.069) 


i 10,29 (0.405) aoe 1,98 (0.078) 


10,03 (0.395) 1,57 (0.062) 


- 2,92 (0.115) 1,27 (0.050) 


1,91 (0.075) nom—>| StS Wea) 
___¢ NOM J 1,02 (0.040) 


1,27 (0.050) NOM 


1,45 (0.057) 
1,09 (0.043) 


15,44 (0.608) 
15,04 (0.592) 


1 
0,71 (0.028) 
0,56 (0.022) 


0,20 (0.008) 
RAD NOM 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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JD ceramic side-braze dual-in-line packages 


JD CERAMIC — SIDE-BRAZE 


C NOM 


INDEX MARK 
(DOT, TRIANGLE, 
OR NUMBER) 


1,78 (0.070) 


A Pe cise. eet 2 


0,51 (0.020) MIN 0,76 (0.030) 


| 5,08 (0.200) MAX 
__ SEATING 
105 © PURE 3,18 (0.125) MIN 
+ 90° 
1,91 (0.075) MAX 
0,38 (0.015) 4 PLACES 
0,20 (0.008) 2,54 (0.100) NOM 
PIN SPACING 
(See Note A) 


0,53 (0.021) 
0.38 (0.015) 


A +0,51 (+0.020) 7,62 7,62 | 
-0,25(-0.010) | {0.30 | soe | oom | 
B (MAX) . “| 23,11 25.65 | 


B (MAX) 


C (NOM) : 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


A +0,51 (+0.020) i 
—0,25 [-0.010) & 


NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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LDOO3 metal cylindrical package 


LDOO3 
> (cane CASIO 08 pa 
[~ 0,41 (0.016) 


2,67 (0.105) t+ 2,54 (0.100) DIA 


W27 ll ill 


T | 1,27 (0.050) 


2,16 (0.085) 


ener tr 1,22 (0.048) 
4,95 (0.195) , 0,71 (0.028) 
4,52 (0.178) C_] 2,54 (0.100) 
ia 


Recess 


5,56 ._— 219) 
5,31 (0.209) 
DIA 0,76 (0.030) 
MAX 
12,7 (0. 500i 


MIN 
PIN 3 IS IN ELECTRICAL CONTACT WITH THE CASE 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY 


IN INCHES 


1,17 (0.046) 


\\g 0,91 (0.036) 
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WC024 ceramic flatpack 


custo @QOQOQOQHOOOOO 


0.076 (0.003) 003) "(See Note A) 
24 LEADS 22 PLACES 
10,16 (0. L_ 
6.99 (0.275) 


8,38 (0. | 7 MAX 
(See Note B) 


30,48 (1.200) 7,24 (0.285) 


BASE AND _-* 21,34 (0.840) 35 I aa) 


SEATING PLANE 


i, 
See Note at 
1,04 (0.041) 0.48 (0. o19) | 
0,79 (0.031) 0.38 (0.015) |___ 12,83 (0.505) 


2,29 (0.090) 
24 LEADS fp ——__12 83 0.508 32 (0.485) 


ee OO OOO OOOO OO® 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
NOTES: A. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material condition. 


B. This dimension determines a zone within which all body and lead irregularities lie. 
C. Index point is provided on cap for terminal identification only. 
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MECHANICAL/THERMAL EVALUATION DEVICES 


There are two types of evaluation devices available from Military Products. One is a K-Factor 
device packaged in square-format leadless ceramic chip carriers. The second type are mechanical 
devices that meet mechanical outlines only and are available in any production package type. 


Product Description/Part Number Nomenclature 
K-FACTOR DEVICES 
Description 


The K-Factor devices are a family of evaluation tools useful in thermal modeling of surface- 
mount assemblies. They are also useful for reliability test verifications. The K-Factor devices 
contain a thermal test chip that can be used for measuring actual junction temperatures. 


Part Number Nomenclature 
Example: SN OOK20 FD 


PREFIX 
SN = standard 


CIRCUIT DESIGNATOR/ 
PACKAGE SIZE CODE 
K = K-factor 

20 = 20-pad package 
28 = 28-pad package 
44 44-pad package 
68 68-pad package 


PACKAGE TYPE 
FD = LCC 
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MECHANICAL DEVICES 

Description 

The mechanical devices are intended to meet applicable mechanical outlines only. They are 
marked with a unique part number that identifies the size and type of package. 


Part Number Nomenclature 


Example: SN OOOXX YY 


PREFIX ey A 


SN = standard 


CIRCUIT DESIGNATOR/ 

PACKAGE SIZE CODE 

XX = number of pins, leads, or 
pads on the package 


PACKAGE TYPE 
FD, FK, FG, FV, FQ = leadless chip carrier 
FJ = leaded ceramic chip carrier (J Form) 
GB = pin grid array 

J, JG, JT = ceramic dual-in-line 

JD = side-brazed dual-in-line 

HJ = ceramic small-outline package (J Form) 
W, WA = ceramic flatpack package 

HK = side-brazed flatpack 
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Product Spectrum — Mechanical Devices (see Note 1) 


PART NUMBER PACKAGE DESCRIPTION TYPE 


SNOOK20FD 20-Pad Leadless Ceramic Chip Carrier K-Factor Device 
SNOOK28FD 
SNOOK44FD 
SNOOK68FD 
SNOOOO8JG 
SNOO010U 
SNOO014J 
SNOO014W 
SNOOO14WA 
SNOO016J 
SNOOO16W 
SNOOO018FG 
SNO0018FV 
SNOOO20FQ 
SNOOO20HK 
SNOOO20HJ 
SNOOO20FK 
SNOOO20J 
SNOOO20W 
SNOO024J 
SNOOO24JT 
SNOOO024W 
SNOOO28FK 
SNOOO028J 
SNOOO040J 
SNOO016JD 
SNOO018JD 
SNOOO20JD 
SNOOO28JD 
SNOOO40JD 
SNOO044FD 
SNOOO044FJ 
SNOOO68FD 
SNOOO68FJ 
SNOOO68GB 


28-Pad Leadless Ceramic Chip Carrier K-Factor Device 


44-Pad Leadless Ceramic Chip Carrier K-Factor Device 


68-Pad Leadless Ceramic Chip Carrier K-Factor Device 


8-Pin Ceramic Dual In Line Mechanical Device 


10-Pin Ceramic Mechanical Device 


14-Pin Ceramic Dual In Line Mechanical Device 


14-Pin Ceramic Mechanical Device 


14-Pin Ceramic Mechanical Device 


16-Pin Ceramic Dual In Line Mechanical Device 


16-Pin Ceramic Mechanical Device 


Mechanical Device 


18-Pad Leadless Ceramic Chip Carrier 


18-Pad Leadless Ceramic Chip Carrier Mechanical Device 


20-Pad Leadless Ceramic Chip Carrier Mechanical Device 
20-Pin Side-Brazed Flatpack 
20-Pin J-Leaded Ceramic Small Outline 


20-Pad Leadless Ceramic Chip Carrier 


Mechanical Device 


Mechanical Device 


Mechanical Device 


20-Pin Ceramic Dual In Line Mechanical Device 
20-Pin Ceramic 


24-Pin Ceramic Dual In Line 


Mechanical Device 


Mechanical Device 


24-Pin Ceramic Dual In Line Mechanical Device 
24-Pin Ceramic 


28-Pad Leadless Ceramic Chip Carrier 


Mechanical Device 


Mechanical Device 


28-Pin Ceramic Dual In Line Mechanical Device 


40-Pin Ceramic Dual In Line Mechanical Device 
16-Pin Side-Brazed Dual In Line 
18-Pin Side-Brazed Dual In Line 
20-Pin Side-Brazed Dual In Line 
28-Pin Side-Brazed Dual In Line 
40-Pin Side-Brazed Dual In Line 


44-Pad Leadless Ceramic Chip Carrier 


Mechanical Device 


Mechanical Device 


Mechanical Device 


Mechanical Device 


Mechanical Device 


Mechanical Device 


44-Pin Leadless Ceramic Chip Carrier Mechanical Device 


68-Pad Leadless Ceramic Chip Carrier Mechanical Device 


68-Pin Leadless Ceramic Chip Carrier Mechanical Device 


68-Pin Pin Grid Array 


Mechanical Device 


NOTE 1: The availability of mechanical devices varies considerably with the package type due to 
piece-part availability and/or manufacturing volume of a particular package. 
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CHIPS 


For reduced size, reduced weight, and reduced interelement capacitance, Tl offers a broad 
selection of unpackaged semiconductors for hybrid applications. In the area of unpackaged 
semiconductors, Tl can supply die on a wide variety of devices that will meet almost every 
designer’s needs. 


Nomenclature 


Example: MPY M 74ALS00 


PREFIX 
MPY = individual chip 
MPS = slice 


PROCESSING 
M = 100X visual inspection? 
(Available in die form only) 
Blank = 40x Visual Inspection 
(Available in die form only) 


EXAMPLE OF TI PART NUMBERS 
74500 

TLO74C 

TBP28S86 

TMS4164 


tTPer MIL-STD-883C Method 2010.6, Test Condition B, except for the following: 
— omit 3.2.4 (bond inspection) 
— omit 3.2.5 (internal leads) 
— omit 3.2.6 (package conditions) 
This product may not be compliant with other requirements of MIL-STD-883 or MIL-M-38510. | 
Note: As a minimum, all devices are probed for DC at room temperature. 
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UNPACKAGED SEMICONDUCTOR SELECTION GUIDE 


The following technologies are offered in die form. Contact Military Products Division for ordering 
information. 


HC/HCT 
LS 
> 
TIL 
Linear 
Bipolar 
MOS Memory 
Telecom Products 
Programmable Logic Arrays 
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IC SOCKETS 
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INTRODUCTION 


Texas Instruments has developed solutions for today’s high density packaging needs. The TI facility at Attleboro, 
Massachusetts (one of the world’s largest suppliers of multimetal systems) provides leading-edge technology 
which, combined with reliable, high-volume, off-the-shelf interconnection products, allows TI to quickly meet 
volume commercial applications. 


During the last decade, Tl has produced one of the largest IC socket families. Tl’s sockets include every type 
and size socket in common use today and are available in a wide choice of contact materials and designs. 


Our sockets are designed for: 


@® easy and efficient hand assembly 
@® compatibility with automatic assembly equipment 
@® maximum performance and board density 


This section provides information on the following types of IC socket products. 


PRODUCTION SOCKETS TYPE 
Plastic Leaded Chip Carrier FLCC 
Single-In-Line Packages SIP 
Pin-Grid Arrays PGA 
Dual-In-Line DIP 
Dual-In-Line 0.070-inch spacing Shrink Pack 
Quad-In-Line QUIP 

BURN-IN/TEST SOCKETS TYPE 
Plastic Leaded Chip Carrier PLCC 
Pin Grid Array PGA 
Small Outlilne J Lead 
Dual-In-Line DIP 
Dual-In-Line 0.070-inch spacing Shrink Pack 
Small Outline Flat Pack 
Quad Flat Pack 


Specially formulated alloys give the Tl contact springs: 


@ Low Contact Resistance 
@ High Contact Strength (to stand up to repetitive insertions and withdrawals) 
@ High normal forces assure gas-tight reliability 


A full line of reliable, readily available, low-cost interconnection systems means premium performance at an 
economical price. 


Additional information on these and other TI products, including pricing and delivery quotations, may be obtained 
from your nearest authorized TI Distributor, Tl Sales Representative or: 


Texas Instruments Incorporated 
Connector Systems Department, MS 14-3 Telephone: (508) 699-5345 
Attleboro, Massachusetts 02703 TELEX: 92-7708 


TEXAS ti 
INSTRUMENTS 


34 Forest Street - Attleboro, Massachusetts 02703 17-33 


IC SOCKETS 
PLASTIC LEADED CHIP CARRIER 


PERFORMANCE SPECIFICATIONS ‘ 


Mechanical 

Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended PCB hole size range: 0.032 in to 0.042 in 
Vibration: 15 G max 

Shock: 100 G max 

Insertion force: 0.59 Ibs per position typ 

Withdrawal force: 0.25 lbs per position typ 

Normal force: 200 g min, 450 g typ 

Wipe: 0.075 in min 

Durability: 5 cycles min 

Contact retention: 1.5 lbs min 


Electrical 

Current carrying capacity: 1 A per contact 
Insulation resistance: 5000 MQ min 

Dielectric withstanding voltage: 1000 V ac rms min 
Capacitance: 1 pF max 


Environmental 

Operating temperature: 

Operating: — 40°C to 85°C 

Storage: — 40°C to 95°C 

Temperature cycling with humidity: will conform to final EIA 
specifications 

MATERIALS 

Body — Ryton R-4 (40% glass) UL 94 V-O rating 

Contacts — CDA 510 spring temper 

Contact finish — 90/10 tin/lead (200 pin — 400 yin) over 
40 pin copper 


Extraction tool available, consult factory 
Contact factory for detailed information 


PLASTIC LEADED CHIP CARRIER CPR SERIES 


30 32 34 36 38 
° ° ° ° ° 


29. 31 33 35 37 
° ° ° ° ° 


68-Pin shown 


NOTE: Socket electrical pin-out pattern represents component side 
of P.C.B. layout. (TYP. counter clockwise numbering pin- 
out system.) 


8,13 
(0.320) 


2,54 (0.100) (0.025) 
TYP. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 


17-34 


———-—— DEVICE GUIDE 
: BARRIERS 


UNIQUE, HIGH 
NORMAL FORCE 
CONTACT 


EASILY \ 


AUTO INSERTED eee 
~~ CLOSED BOTTOM 
DESIGN 


PART NUMBER SYSTEM 


CPR PH XXX —X—X-—O 


| — surface 1 — tin/lead 


plating 
Contact spacing 1 - 0.050 in 
Number of pos (044, 052, 068, 084) 
Plated thru hole, solder tail 
Tl socket Series 
Plastic leaded chip carrier 


2,54 
(0.100) TYP 


STANDOFF 


2,54 
(0.100) TYP 


he 
a a 
(0.844) | (0.700) | (0.500) 
(0.944) (0.800) (0.600) 
6 | ities | ioe | 00) 
(1.144) (1.000) (0.800) 
(1.344) | (1.200) | (1.000) 


Dimensions in parentheses are in inches 


4 


TEXAS ti 
INSTRUMENTS 
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IC SOCKETS 
PLCC BURN-IN/TEST 


PRODUCT FEATURES 

Can be loaded by top actuated insertion or press-in 
insertion, either manually or automatically 

High reliability due to high pressure contact point 

Open body and high stand-off design provide high efficiency 
in heat dissipation 

High durability up to 10,000 cycles 

Compact design 


PERFORMANCE SPECIFICATIONS 


Mechanical 

Accommodates IC leads per specific IC device 

Recommended PCB thickness range: 0.062 in to 0.092 in 

Recommended PCB hole size range: 0.032 in to 0.042 in 

Durability: 10,000 cycles 10 m{Q. max contact resistance 
change 

Insertion force: Zero g 

Withdrawal force: Zero g! 


Electrical 

Contact rating: 1 A per contact 

Contact resistance: 20 mQ max initial 

Insulation resistance: 1000 MQ per MIL-STD 202, 
Method 302, Condition B 

Dielectric withstanding voltage: 500 V ac rms per 
MIL-STD 202, Method 301 

Environmental 

Thermal shock: 100 cycles, —25°C to +150°C 

Temperature soak: 150°C for 48 hours 

Operating temperature: —40°C to +150°C 

MATERIALS 

Body — ULTEM glass filled (UL 94 V-O) 

Contact — copper alloy 

Plating+ — overall gold plate 4 nin over min 70 unin 
nickel plating 


TAfter IC is unlocked from the socket 


+For additional plating options contact factory 
For complete test report contact the factory 


PLCC BURN-IN/TEST SOCKETS CPJ SERIES 


23,00 (0.906) 
17,20 (0.677) 


5,08 (0.200) 
12,90 (0.507) 


Dimensions in parentheses are inches 
Contact factory for detailed information 


PART NUMBER SYSTEM 
X — XXX —- B 


L Number of contacts 


CPJ XX XX 


Pitch 
A = 0,050 


Contact finish 
33 = overall gold plate 


Material 
AA = copper alloy 


Tl Burn-in PLCC series 


18 PIN FOOTPRINT SHOWN 


2,54 
(0.100) 


1,27 (0.050) 


2,54 
(0.100) 


(0.100) 1,27 (0.050) 
5,08 (0.200) 
18,08 (0.712) 


SIZES: 18 PIN 
22 PIN 


14,00 (0.551) 


3,00 (0.118) 


0,50 JL JL 0,35 


(0.020) (0.014) 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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IC SOCKETS 
SINGLE-IN-LINE PACKAGE SOCKETS 


PERFORMANCE SPECIFICATIONS? 


Mechanical 
Vibration: MIL-STD-202 


LEADLESS 
SINGLE-IN-LINE 
PACKAGE 
(SIP) MODULES 


AUTOMATIC 
MODULE RETENTION 


Durability: 30 cycles 

Insertion force: Zero g 

Withdrawal force: Zero gt 

Contact (normal) force: 200 g min 
Contact retention force: 2 Ibs per circuit min 
Electrical 

Contact rating: 1 A 

Contact resistance: 30 mQ max initial 
Insulation resistance: 1000 MQ at 500 dc 
Dielectric strength: 1500 V ac rms 
Capacitance: 2 pF max 


T Values may vary due to test sequence and SIP module 
configuration 

t After module is unlocked from the receptacle 

For a complete test report, please contact factory 


Environmental 

(20 mQ max contact resistance change after all tests) 

Operating and storage temperature: —40°C to 100°C 

Humidity: MIL-STD 202, Method 106D, 10 days 

Temperature soak: 85°C for 160 hours 

Thermal Shock: 5 cycles, —40°C to 85°C per 
MIL-STD 202, Method 107E 


MATERIALS 

Body — PES polyether sulfone, glass filled, UL 94 V-O 

Contact — Beryllium copper C1 7000; phosphor bronze alloy 
CA510 

Contact finishes — Post plate min 200 yin tin/lead over min 

50xuin nickel overall 

Post plate min 30 pin hard gold over min 75 in nickel overall 


For additional plating options contact the factory. 


DUAL ROW VERTICAL 


Contact factory for detailed information 


HIGH TEMPERATURE 
MOLDED BODY 


ZERO INSERTION FORCE, 
HIGH NORMAL FORCE CONTACT 


AND SUPPORT 


POLARIZING/ 
MOUNTING POST 


PART NUMBER SYSTEM 
TS8X XX XX X —XX — XX 


LL Variations 
OO — standard 
product 
Size 
(number of 
contacts per row) 
Housing material 


A — PES 


Contact base material/plating 
01—C17000/30 nin gold 
02—CA510/30 nin gold 
03—C17000/200 uin tin/lead 
04—CA510/200 yin tin/lead 


Configuration/row-to-row spacing 
01—single row/N/A 
03—dual row/0.300 in 
04 —dual row/0.400 in 
05—dual row/0.500 in 


Series number denotes 
O—0O.100 in pitch, vertical mount 
1—0.100 in pitch, low-profile (25°) mount 


Consult factory for availability of configurations, materials, and 
sizes. 


SINGLE ROW LOW PROFILE 


1,10 
(0.043) 


(0.19) 0,15 


(0.020) 


Ckt. 
G 
30 96,52 | 73,66 | 82,14 | 89,28 | 80,52 | 92,71 2,79 3,86 
(3.800) | (2.900) | (3.234) | (3.515) | (3.170) | (3.650) | (0.110) | (0.152) 


Dimensions in parentheses are in inches 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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I€ SOCKETS 
HIGH DENSITY PIN GRID ARRAY 


PERFORMANCE SPECIFICATIONS 


Mechanical 

Accommodates IC leads 0.015 in to 0.021 in diameter 

Recommended PCB thickness range: 0.082 in to 0.092 in 

Recommended PCB hole size range: 0.032 in to 0.042 in 

Recommended hole grid pattern: 0.100 in + 0.002 in each 
direction 

Vibration: 15 G, 10-2000 Hz per MIL-STD 1344A, 
Method 2005.1 Test Condition III 

Shock: 100 G, sawtooth waveform, 2 shocks each direction 
per MIL-STD 202, Method 213, Test Condition | 

Durability: 5 cycles, 10 mQ max contact resistance change 
per MIL-STD 1344, Method 2016 

Insertion force: 3.6 oz (102 g) per pin typ using 0.018 in 
diameter test pin 

Withdrawal force: 0.5 oz (14 g) per pin min using 0.018 in 
diameter test pin 


Electrical 

Contact rating: 1 A per contact 

Contact resistance: 20 mQ} max initial 

Insulation resistance: 1000 MQ at 500 V dc per 
MIL-STD 1344, Method 3003.1 

Dielectric withstanding voltage: 1000 V ac rms 
per MIL-STD 1344, Method 3001.1 

Capacitance: 1 pF max per MIL-STD 202, Method 305 

Environmental 

Operating temperature: — 65°C to 125°C, gold; —40°C to 
100°C, tin/lead 

Corrosive atmosphere: 10 mQ max contact resistance 
change when exposed to 22% ammonium sulfide for 
4 hours 

Gas tight: 10 mQ“<_ max contact resistance change when 
exposed to nitric acid vapor for 1 hour 

Temperature soak: 10 mQ max contact resistance change 
when exposed to 105°C temperature for 48 hours 


MATERIALS 

Body — PBT polyester UL 94 V-O 

On request, G10/FR4 or Mylar film 

Outer sleeve — Machined Brass (QQ-B-626) 

Inner contact — Beryllium copper (QQ-C-530) heat treated 
Plating: (specified by part number) 


PIN GRID ARRAY 


1,3/2,0 
(0.05/0.08) TYP 


2,54 
(0.100) TYP NONCUMULATIVE 


(0.10/0.12) 


3,6/4,6 
(0.14/0.18)) F 


ft jhe 0,33 1 - (0.063) DIA 


2,67/3,61 (0.021) DIA 
(0.105/0.150) 


WIDE-TAPERED 
ENTRY 


PRECISION 
MACHINED 
SLEEVE 


PRECISION 
SIX-FINGERED 
INNER CONTACT 


Inner contact — 30 pin gold over 50 yin nickel or 100 yin 
tin/lead over 50 yin nickel 

Outer sleeve — 10 yin gold over 50 yin nickel or 50 yin 
tin/lead over 50 yin nickel 


PART NUMBER SYSTEM 


C X G XX — XXX X X — X X 


Pin Length 


WIRE WRAP | SOLDER TAIL 
3-0.510 long | 9-0.105/0.150 


Plating 


| PIN | Sleeve | Clip | 
1) Gold Gold 


Body Style and Orientation 


Contact Loading Pattern 


Pin 
Grid Number of Pins 
Array 024 to 324 


Overall Grid Size 
5x5=05 to 18x 18=18 


BODY MATERIAL 
G — Glass Filled Epoxy 
P — PBT Polyester 


Tl Socket 


Insulator Size 


(0.950) 24,13 
(1.050) 26,67 
(1.150) 29,21 
(1.250) 31,75 
(1.350) 34,29 
(1.450) 36,83 
(1.650) 39,37 
(1.650) 41,91 
(1.750) 44,45 


(0.800) 20,32 
(0.900) 22,86 
(1.000) 25,40 
(1.100) 27,94 
(1.200) 30,48 
(1.300) 33,02 
(1.400) 35,56 
(1.500) 38,10 


(1.600) 40,64 


(1.850) 46,99 (1.700) 43,18 


TNoncumulative 
Dimensions in parentheses are inches 
Consult factory for detailed information 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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IC SOCKETS 
SOJ BURN-IN/TEST 


PERFORMANCE SPECIFICATIONS 


Mechanical 

Accommodates IC leads per specific IC device 

Recommended PCB thickness range: 0.062 in to 0.092 in 

Recommended PCB hole size range: 0.032 in to 0.042 in 

Durability: 10,000 cycles, 20 mQ max contact resistance 
change 

Insertion force: 1.3 oz per position max 

Withdrawal force: 8.8 grams per position min 


Electrical 

Contact rating: 1.0 A per contact 

Contact resistance: 20 mQ max initial 

Insulation resistance: 1000 MQ per MIL-STD 202, 
Method 302, Condition B 

Dielectric withstanding voltage: 700 V ac rms per 
MIL-STD 202, Method 301 

Environmental 

Thermal shock: 100 cycles, —25°C to +180°C, 1 hour 

Temperature soak: 180°C for 1000 hours, 80 mQ max 
change 

Operating temperature: —-65°C to +180°C 


MATERIALS 

Body — PES glass filled UL 94 V-O 

Contact — copper alloy 

Plating — overall gold plate min 4 yin over min 70 nin nickel 
plating 


13,50 (0.531) 


16,50 (0.650) 


2.53 | ia —- fe 3.00 
(0.099)| 0.40 (0.016) 1,27 (0.050) (0.118) 
15,24 (0.600) 


2,53 
20,3 (0.800) (0.099) 


02 VERSION SHOWN 


x. 
NO. 1 PIN 


le 17.4 (0.685) > 


Dimensions in parentheses are inches 
Contact factory for detailed information 


PART NUMBER SYSTEM 
CSJT XXX — XX — XX X 


Body Material 
Blank = G.F. PES 
A = PPS R4-03 
B = G.F. Pel 


Body Variation 


O2 = Standard 1 forward/ 
backward insertion 


03 = Special/orientation pin 

04 = Special/high standoff 

O05 = Special/24-pin 

O6 = Standard 2 forward 
insertion, BECU 


Contact Finish 
37 = Overall gold plate 4 pin 
38 = Overall gold plate 30 pin 
57 Selective gold plate 4 yin 
58 = Selective gold plate 30 yin 


Number of Contacts 
Tl SOJ series 
SIZES: 20 pin 
26 pin 


20-PIN (02 VERSION) FOOTPRINT SHOWN 


0,80 2,54 
| x (0.032) | l (0.100) 


= 

hb 

tf 
a a 
te 
a 


11,94 (0.470)—— — 


——— ® 
}¢-- > | 2,54 ik 2,54 
1,27 (0.100) \ (0.100) 
(0.050) \ 
NO. 1 PIN 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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TEXAS a 
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IC SOCKETS 
DUAL-IN-LINE 


PERFORMANCE SPECIFICATIONS 


Mechanical 

Accommodates IC leads 0.011 
0.018 + 0.003 

Recommended PCB thickness range: 0.062 in to 0.092 in 

Recommended PCB hole size range: 0.032 in to 0.042 in 

Recommended hole grid pattern: 0.100 in + 0.003 in each 
direction 

Vibration: 15 G, 10-2000 Hz per MIL-STD 1344A, 
Method 2005.1 Test Condition Ill. 

Shock: 100 G, sawtooth waveform, 2 shocks each direction 
per MIL-STD 202, Method 213, Test Condition | 

Durability: 5 cycles, 10 mQ max contact resistance change 
per MIL-STD 1344, Method 2016 

Insertion force (C7X and C86): 16 oz (454 g) per pin max 

Withdrawal force: (40 g) per pin min 


+ 0.003 in by 


Electrical 

Contact rating: 1 A per contact 

Contact resistance: 20 mQ“_ max initial 

Insulation resistance: 1000 MQ at 500 V dc per 
MIL-STD 1344, Method 3003 

Dielectric withstanding voltage: 1000 V ac rms per 
MIL-STD 1344, Method 3001.1 

Capacitance: 1 pF max per MIL-STD 202, Method 305 


Environmental 

Operating temperature: —55°C to 125°C, gold; —40°C 
to 100°C, tin 

Corrosive atmosphere: 10 mQ“_ max contact resistance 
change when exposed to 22% ammonium sulfide for 
4 hours 

Gas tight: 10 mQ max contact resistance change when 
exposed to nitric acid vapor for 1 hour 

Temperature soak: 10 mQ“_ max contact resistance change 
when exposed to 105°C temperature for 48 hours 


Materials (C7X and C86) 

Body — PBT polyester UL 94 V-O 

C7X Contacts — Outer sleeve: brass 

Clip: BECU 

Contact finish — clip 30 pin gold over 50 uin nickel or 
50 unin tin/lead over 50 pin nickel 

— sleeve 10 nin gold over 50 unin nickel 
or 50 unin tin/lead over 50 yin nickel 

C86 Contacts — Phosphor bronze base metal 

C86 Contact-finish — Tin plate 200 pin over copper flash 


Specified by 
Part Number 


C7X SERIES — SCREW MACHINE 


WIDE-TAPERED 
ENTRY 


PRECISION PRECISION 
FOUR-FINGERED MACHINED 
CONTACT SLEEVE 
C7X SERIES — SCREW MACHINE 
PART NUMBER SYSTEM 
C7X (X) XX — X X 
L Variations 
Solder Tail : 9 
Pin length 0.125 Typ 
Wire Wrap: 3 


Pin length 0.510 


Plating (Sleeve/Clip) 
O — Gold/Gold 
5 — Tin/Gold 


Number of 
Positions 


S — Single-in-line package (where applicable) 


Screw Machine Socket 
1 — wire wrap 
2 — solder tail 


C86 SERIES — STAMPED AND FORMED 


WIDE-ENTRY 
WINDOW 


DUAL BEAM 
FACE WIPE 
HIGH RELIABILITY = 

GAS-TIGHT 
CONTACT 


C86 SERIES 
PART NUMBER SYSTEM 


86 
TL Variation 
01 — Standard product 
Number of positions 


Tin Dual Beam Face Wipe 


Tl Socket Series 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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IC SOCKETS 
DUAL-IN-LINE 


DUAL-IN-LINE 
C7X AND C86 SERIES 


3,05 
(0.120) MAX 


053 -wlle 


(0.021) DIA 


3,61/4,57 


(0.142)/(0.180) 


le 9-65 dia 


2,54 (0.100) TYP 


DIPS 


mB +0.005 
mD +0.005 


Dim A Max 
Dim C Max 
Dim D +0.005 
Dim B +0.005 
Dim C Max 


ra) fa) 
_* |e’ 0: 200) 6 400}10:300}'4| 200) 1100] 06001] 400 
(0.300) (0.200) (0.400)} (0.300) (1.200)}(1.100)} (0.500) }(0.400) 
® | 1400} 0.300} 0.400] 0300] 281-40) 300] 0.700 0600} 
(0.400)| (0.300)](0.400)| (0.300) (1.400)] (1.300)} (0.700) |(0.600) 
(O.700)} (0.600)} (0.400)} (0.300) (1.600)}(1.500)} (0.700) |(0.600) 
16 | 0] 7001 0:400)10:300} | 600} 1.7006, 7001]. 600 
(0.800)}(O.700)}(O0.400)} (0.300) (1.800)}(1.700)} (0.700) (0.600) 
(0.900)} (0.800)] (0.400)| (0.300) (2.000)} (1.900)} (0.700) |(O0.600) 
300] 400] 0.300] *®| 2400) 2.3000, 001.600) 
(1.000)} (0.900)|(0.400)} (0.300) (2.400)] (2.300)} (0.700) |(0.600) 
as | 
(1.100)}(1.000)} (0.500)} (0.400) (2.500)} (2.400)} (1.000) |(0.900) 
24 | 0] 1 00)10 700) 6.600) °| 6.200) 100} 1-000 6.800 
(1.200)} (1.100)! (O.700)| (0.600) (3.200)} (3.100)} (1.000) |(0.900) 
24] toon roojoroojosoo| | | | | 
(1.200)|(1.100)} (0.400)} (0.300) 
TNonstandard sizes 


Not all sizes available in each series 
Dimensions apply to all series 


Dimensions in parentheses are inches 
Contact factory for detailed information 


C7X SERIES 
4,19 
(0.165) 
2,67 
(0.105) MIN 
eee 
1,35 
(0.053) - \e—0,53 (0.021) DIA 
C86 SERIES 


CONTACT POINT 


a 


4,25 5,08 
(0.169) | (0.200) 
2,29/3,81 
,38 TYP : , 
ate MAX (0.115)/(0.150) 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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IC SOCKETS 
BURN-IN/TEST DIP 


PERFORMANCE SPECIFICATIONS 


Mechanical 
Accommodates IC leads 0.011 in by 0.018 in 


Recommended PCB thickness range: 0.062 in to 0.092 in | 


Recommended PCB hold size range: 0.032 in to 0.042 in 

Durability: 10K cycles — CM Series, 5K cycles — CP/CQO 

Electrical 

Contact rating: 1 A per contact 

Contact resistance: 20 mQ max initial 

Insulation resistance: 1000 MQ at 500 V dc 

Dielectric withstanding voltage: 1000 V ac rms 

Capacitance: 1 pF max per MIL-STD 202, Method 305 

Environmental 

Operating temperature: —65°C to 170°C — CP/CM Series, 
—65°C to 150°C — CO Series 

Humidity: 10 mQ max contact resistance 

Temperature Soak: 10 mQ max contact resistance change 


MATERIALS 

Body — PPS (polyphenylen sulfide) UL 94 V-O 
Contacts — Higher performance copper nickel alloy 
Plating: ' 4 pin of gold min over 100 yin of nickel min 


tFor additional plating options consult the factory 


BURN-IN/TEST DIP SOCKETS 


a | 
: Zi 3,30 
La — | 
alate! HR | “All 2,54 
tbs if {HHH (0.100) 
oY Q | | SOLDER TAIL —” 
2,54 | | 
(0.100)—e}  e— 
CP37 SERIES 
CQ37 SERIES 
ia 
D i. i 
0,51 le0,63 2,01 
(0.020) MAX (0.025) (0.079) 
0,51 2,29 
(0.020) 3 3,20 14,48 (0.090) 
3,99 (0.118) (0.126) (0.570) 
(1.57) 
CM37 SERIES 


6.50 
meee r $e 
B 


(0.020) 


PART NUMBER SYSTEM 
C X 37 XX — 22 S X 


LL Pin to pin 
A—0O.100 centers 
B—0O.070 centers 


PPS high temperature 
body material . 


Copper nickel alloy 
Soldertail 


Number of positions 
Overall gold plate 


Series Features 

Q— Auto unloadable 

P — High density mounting 
M— Shrink 0.070 centers 


Tl Socket Series 


CQ37 SERIES 


Number of 
Positions 


B 
+0.01 
Contact 
20,32 (0.800) 
22,35 (0.880)] 12,70 | 15,24 7,62 
24,89 (0.980) | (0.500) | (0.600) | (0.300) 
27,43 (1.080) 


32,51 (1,280) 
37,59 (1.480)| 19,05 | 22,86 | 15,24 
52,83 (2.080) | (0.750) | (0.900) | (0.600) 
55,37 (2.180) 
CP37 SERIES 
B CG 
+0.02 max 
Width 


7,62 12,70 
(0.300) | (0.500) 


15,24 20,32 
(0.600) | (0.800) 


CM37 SERIES 


A B 
—_—" +0.016 +0.02 
Positions 
Length 


10,67 17,20 
40 
42 


Number of 
Positions 


11,68 (0.460) 
17,78 (0.700) 
20,32 (0.800) 
22,86 (0.900) 
25,40 (1.000) 
30,48 (1.200) 
35,56 (1.400) 
50,80 (2.000) 


37,85 (1.490) 16.51 23,11 


ee. (0.650) | (0.910) 


54 50,29 (1.980) 


20,32 26,92 
cial aclacaciaaial (0.800) | (1.060) 


Dimensions in parentheses are inches 
Contact factory for detailed information 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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IC SOCKETS 
QUAD-IN-LINE/SHRINK PACK 


PERFORMANCE SPECIFICATIONS 


Insertion force: 16 oz (454 g) per pin max 

Withdrawal force: 1.5 oz (42 g) per pin min 

Operating temperature: —40°C to 100°C, tin/lead 

Accommodates IC leads 0.011 + 0.0003 in by 
0.018 + 0.003 in 

Contact rating: 1 A per contact 


MATERIALS 

Body — PBT polyester UL 94 V-O 

C4S & CxW Contacts — Copper alloy 

Contact finish — Reflow tin plating, 40 pin min 


PART NUMBER SYSTEM FOR CxW SERIES 
Xx W XX — 11 


C 
“Lampe of contacts (42, 52, 64) 
Staggered leads 
5 — 64 contacts 


6 — 42, 52 contacts 
Tl Socket Series 


QUAD-IN-LINE (CxW SERIES) 


Product ie ad c 
Max Row to Row Max 
Number 
Length Row to Row 


41,90 22,90 19,05 
aciiaadial (1.65) (0.950) (0.750) 


27,90 22,90 17,80 
eT |) a4 ag) (0.900) (0.700) 
34,30 22,90 17,80 
iene (0.900) (0.700) 
Dimensions in parentheses are inches 
Contact factory for detailed information 


PART NUMBER SYSTEM! FOR C4S SERIES 
C 4 S XX — 02 
Lumber of contacts 
28, 40, 42, 52, 54, 64 


Shrink Pack 
(0.070 in pin-to-pin contact spacing) 


Reflow tin plating 
Tl Socket Series 


TAlso available in screw machine contacts 


C4S SERIES 


0,64 
(0.025) 6 50 (0.256) 


| DUAL BEAM 
y EDGE GRIP 
| CONTACT 


QUAD-IN-LINE (CxW SERIES) 


™ . wv, 


\/ \/ LA KS 
AAR Lm. 


a ee 


C4S SERIES 


A B c 
Max Row to Row Max 

Length Width 
28 25,02 10,16 13,00 
(0.985) (0.400) (0.512) 
40 35,69 15,24 17,98 
(1.405) (0.600) (0.708) 
64 57,07 19,05 21,42 
(2.247) (0.750) (0.851) 


Dimensions in parentheses are inches 


SHRINK PACK DIP (C4S SERIES) 


1,79 (0.070) 
A 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard parry. Production processing does not 
necessarily include testing of all parameters. 
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IC SOCKETS 
BURN-IN/TEST 


PERFORMANCE SPECIFICATIONS QUAD FLAT PACK (CFPM SERIES) 


Mechanical 

Accommodates IC leads per specific IC device 

Recommended PCB thickness range: 0.062 in to 0.092 in 

Recommended PCB hole size range: 0.032 in to 0.042 in 

Durability: 5000 cycles, 10 m{Q“. max contact resistance 
change per MIL-STD 1344, Method 2016 


Electrical 

Contact rating: 1 A per contact 

Contact resistance: 20 mQ max initial 

Insulation resistance: 1 MQ at 500 V dc per 
MIL-STD 1344, Method 3003.1 

Dielectric withstanding voltage: 700 V ac rms per 
MIL-STD 1344, Method 3001.1 

Capacitance: 1 pF max per MIL-STD 202, Method 305 


Environmental PART NUMBER SYSTEM 
Operating temperature: —65°C to 170°C 
Humidity: 10 mQ max contact resistance change when CXX T — XX — 01x 
tested per MIL-STD 202, Method 103B 
Temperature soak: 10 mQ max contact resistance change Se of Variations 
when exposed to 105°C temperature for 48 hours positions A— 1.0mm ¢ 
MATERIALS Configuration am Be TO 
Body — CFP Series — PES (polyether sulfone) glass filled M — Quad pack contact spacing 
UL 94 V-O TI socket Plating 
Temperature: —65°C to 170°C Style PF — Flat pack 37 — overall gold plate 
Contact — Beryllium copper 
Plating: ' Overall gold plate min 4 nin over min 70 pin nickel PIN GRID ARRAY (CZFW SERIES) 
plating 


tFor additional plating option consult the factory. 
Dimensional drawings available from factory. 


SMALL OUTLINE FLAT PACK (CFPH/K SERIES) 


PART NUMBER SYSTEM 
C XX XK — 01 


Ly Plating 
37 — overall gold plate 
Number of positions 


PART NUMBER SYSTEM hig ag 
C XX X —- 


T Style ZF — Zero force 
Plating . 
37 — overall gold plate Tl Series socket 
Number of positions 


AVAILABLE SIZES 
Configuration 


H — 14, H — 14, 16, 18, 20 Positions 18, 20 Positions CFPH Series 14, 16, 18, 20 Small Outline 
K — 24. 98 Positions SS — 24, 28 Positions CFPK Series 24, 28 Flat Pack 
Style FP — Flat pack CFPM Series 64, 80 Quad Flat Pack 
TI Series socket CZFW Series 11x 11x 2 Pin Grid Array 


Contact factory for detailed information 


PRODUCTION DATA documents contain information ‘ 
current as of publication date. Products conform to i] 
apes fvoatlons per ‘> ale of Texas Heateeees TEXAS 

standard warranty. Production processing does not 

necessarily include testing of all parameters. IN ST RUMENTS 


34 Forest Street « Attleboro, Massachusetts 02703 17-43 


For more information contact your 
local distributor or contact TI directly: 


Texas Instruments Incorporated 


CSD Marketing, MS 14-1 
Attleboro, MA 02703 


Field Sales Offices 


UNITED STATES 


California 

Irvine 91714 

17891 Cartwright Road 
Phone: (714) 660-8111 


San Diego 92123 
4333 View Ridge Ave., Suite B 
Phone (619) 278-9600/9603 


Torrence 90502 

9505 Hamilton St. 
Bldg. A, Suite One 
Phone: (213) 217-7000 


Georgia 

Norcross 30092 

5515 Spaulding Drive 
Phone: (404) 662-7861/7931 


Massachusetts 

Attleboro 02703 

34 Forest Street, MS 10-6/MS 14-3 
Phone: (617) 699-5206/1278/5213 


North Carolina 
Charlotte 28210 

8 Woodlawn Green 
Suite 100 

Phone: (704) 527-0930 


Texas 

Dallas 75265 

7800 Banner Drive, MS 3936 
Phone: (214) 995-7550/7547/7548 


INTERNATIONAL 


Australia 

Texas Instruments Australia, Ltd. 
P.O. Box 63 

Elizabeth, South Australia 5112 
Phone: 61-8-255-2066 


England 

Texas Instruments, Ltd. 
Beffordia House 

Prebend Stsreet 

Bedford MK41 7PA 
Phone: (0234) 63211, Ext. 1 


France 

Texas Instruments, Ltd. 
Metallurgical Materials Division 
8-10 Avenue Morane Saulnier 
78140 Velizy-Villacoublay, Paris 
Phone: 333. 946. 9712 


Hong Kong 

Texas Instruments Asia, Ltd. 
Asia Pacific Division 

8th Floor, World Shipping Centre 
Harbor City 7, Canton Road 
Kowloon, Hong Kong 

Phone: 852-3-722-1223 


Italy 

Texas Instruments Italia SPA 
Viale Europa, 40 

1-20093 Cologno Monzese 
Milano 

Phone: 011-39-2-25.300.1 


(617) 699-5242/5269 


Japan 

Texas Instruments Japan, Ltd. 
305 Tanagasnira 

Oyama-Cho 

Suntoh-Gun, Shizuoka-Ken 
Japan 410-13 

Phone: (81) 550-81211 


Mexico 

Texas Instruments de Mexico, SA 
Av. Reforma No. 450-10 Piso 

Col. Juarez 

Delegacion: Cuauhtemoc 

Mexico City, D.F. 

Mexico 06600 

Phone: 52-5-514-3583 


Singapore 

Texas Instruments Asia 
#02-08, 12 Lorong Bakar Batu 
Kolam Ayer Industrial Estate 
Singapore 1334 

Republic of Singapore 
Phone: 65-747-2255 


Taiwan 

Texas Instruments Supply Co. 
Taiwan Branch 

Bank Tower 

Room 903, 205 Tun Hwa N. Road 
Taipei, Taiwan 

Phone: 886-2-713-9311 


West Germany 
Texas Instruments Deutschland GMBH 
Metallurgical Materials Div. 
Rosenkavalierplatz 15 


D-8000 Muenchen 81 
Phone: 011-49-89-915081 


Texas Instruments provides customer 
assistance in varied technical areas. Since 
Tl does not possess full access to data 
concerning all of the uses and applications 
of customers’ products, responsibility is 
assumed by TI neither for customer 
product design nor for any infringement of 
patents or rights of others, which may 
result from TI assistance. 
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TI North 
American Sales 


Offices 


ALABAMA 
fan * (205) 837-7530 
Reo (60 2) 995-1007 


Tucson: oo 2640 
CALUFOR 

Irvine: tie 

Haga 916 7669 9208 


Woodland i: (818) 704-8100 
COLORADO 

Aurora: (303) 368-8000 
CONNECTICUT: 

Wallingford: (203) 269-0074 


Altamonte Springs: 260-2116 
le: (30 )8 3-8502 
Tampa: (813) 885-741 


GEORGIA: 

Norcross: (404) 662-7900 
ILLINOIS: 

Arlington Heights: (708) 640-2925 
INDIANA: 

Carmel: (317) 57 3-6400 

Fort Wayne: (219) 482-3311 


IOWA: 
Cedar Rapids: (319) 395-9550 


KANSAS: 

Overland Park: (913) 451-4511 
MARYLAND 

Columbia: (301) 964- -2003 


MASSACHUSETTS: 
dell ts) 895-9100 
Ferangton Ml fig? 618) 947-2200 553-1500 


Grand 


MINN ESOTA: 
Eden Prairie: (612) 828-9300 


MISSOURI: 

St. Louis: (314) 994-2100 
NEW JERSEY: 

Iselin: (201) 750-1050 

NEW MEXICO: 

sir oe (505) 345-2555 


— YORK 

Eas 2 (315) 463-9291 
Fishkit: 914) 897- 

Melville: (516) 454-6600 
Pittsford: (716) 385-6770 


NORTH CAROLINA: 
Charlotte: nd 527-0933 
Raleigh: (919) 876-2725 
OHIO 


Beachwood: (216) 464-6100 
Beavercreek: (513) 427-6200 


OREGON: 

Segall (S03) 643-6758 
PENNSYLVANIA 

Biue Boll: why 825. 9500 
PUERTO R 

Hato Rey: (08) 753-8700 
TENNESSEE 


sotuiaans Cy (615) 461-2192 


512) 250-7655 
alae: (214) 917-1264 
Houston 713) 778-6592 

UTAH: 

Murray: (pot) 266-8072 
WASHING 

Redmond: (208) 881-3080 
WISCONSIN . 
bee (414) 782-2899 


613) 726-1970 
Rien Hill: Oren tN 
St. Laurent: (51 )3 


TI Regional 


Technology 
Centers 


CALIFORNIA: Irvine: abil 660-8140 
Santa Clara: (408) 748-2 


GEORGIA: Norcross: am 662-7950 
ILLINOIS: Arlington Helghts: (708) 640-2909 
INDIANA: Indianapolis: (317) 573-6400 
MASSACHUSETTS: Waltham: (617) 895-9196 
MEXICO: Mexico City: 491-70834 
MINNESOTA: Minneapolis: (612) 828-9300 
TEXAS: Dallas: (214) 917-3881 

CANADA: Nepean: (613) 726-1970 


TI Authorized 
North American 


Distributors 


Alliance Electronics, Inc. 

Almac Electronics 
Arrow/Kierulff Electronics Group 
Arrow (Canada) 

Future Electronics (Canada) 
GRS Electronics Co., Inc. 
Hall-Mark Electronics 

Marshall Industries 

Newark Electronics 

Schweber Electronics 

Wyie Laboratories 

Zeus Components 

Rochester Electronics, Inc. (obsolete product only) 


TI Distributors 


ALABAMA: Arrow/Kierulff (2 ie 05) 837-6955; Hall-Mark 
20s pea Marshall (205) 881-9235; Schweber 


ARIZONA: Arrow/Kierulff (602 p lig et Hall-Mark 
i 4 ; Schweber 


602) 437-1200; Marshall (602) 496-0290 

602) 431-0030; os Ange (6 “ie 7-2088. 

CALIFORNIA: Los A De 
Arrow/MKierulff (818) 70°97 B00, (ese -5422; Hall-Mark 
(818) 773-4: ie 


Marshall 818) 
407-4100, 4714) 458 301; Schweber (818 9686, 
714) 863 le (818) 880-9000, (714) 863- -9953: 
eus (714) 921- , (818) 889-3838; 


Sacramento: Hall- sek (or 6) 624. -9781; Marshall (916) 
635: 9700, Schweber (916) 364-0230; Wyle (916) 


San D : Arrow/Kierulff (619) 565- 4800; Mercakpi 
619) 268-1201; Marshall § i ea hweber 
al 495-0015; Wyle (619) 565-9171; ey (619) 


— S anclacsil 
Hall-Mark (408) 432-4000: : Marshall (40, 8) 942 

Schweber (408) 432-7171: Wyle (408) 727-2500: ees 
(408) 629 

COLORADO: Anow/Kierultf (303) 790-4444: Hall-Mark 
303) 790-1662; Marshall 3 451-8383; Schweber 
303) 799-0258: Wyle (303) 457-99 

CONNECTICUT: Pah erties ei 265-7741: 
Hall-Mark (203) 271- 2844, Marshall (203) 265-3822: 
Schweber (203) 264-47 

FLORIDA: Fort peaedan Arrow/Kierultf (305 
429-8200; Hall-Mark (305) 971 9260: Marshall (305) 
977-4880: Schweber (305) 977-751 

Orlando: Arrow/Kierulff (407) 333- ae Hall-Mark {407 
830-5855; Marshall (407) 767-8585; Schweber (40 
331-7555; Zeus (407) 365-3000; 

Tampa: Hall-Mark (813) 541 740; Marshall (813) 
573-1399; Schweber (813) 541-5100. 


f 


TEXAS 


INSTRUMENTS 


Area: Arrow/Kierulff Sedan 745-6600; 


GEORGIA: Arow/Kierulff (404) 497-1300; Hall-Mark 
404) 447-8000; Marshall (404) 923-5750; Schweber 
404) 449-9170. 


ILLINOIS: Arrow/Kierulff (708) 250-0500; Hall-Mark 
312) 860-3800; Marshall (31 490-0155; Newark 
312)784-5100; Schweber (708) 330-2 

INDIANA: Arrow/Kierulff ei) 299- sa ok Mark B17) 
eae te Marshall (317) 297-0483; Schweber (317) 
ety Arrow/Kierulff (319) 395-7230; Schweber (319) 
CARAS Arrow/Kierulff (913) 541-9542; Bei A 
888-4747; Marshall (913) 492-3121; Schweber (91 3) 
492-2922. 

MARYLAND: Arrow/Kierulff (301) 995-6002; Hall-Mark 
301) 988-9800; Marshall (301) 622-1118; Schweber 
301) 596-7800; Zeus (301) 997-1118. 
MASSACHUSETTS: Arrow/Kierulff (508) 658-0900; 
Hall-Mark ae 667-0902; Marshall 508) 658-0810; 
Schweber (508) 694-9100; Wyle (617) 272-7300; Zeus 
(617) 863-8800. 

MICHIGAN: Detroit: Arrow/Kierulff (313) 462-2290; 
Hall-Mark ae 462-1205; Marshall (313) 525-5850; 
Newark (313) 967-0600; Schweber (313) 525-8100; 
Grand Rapids: Arrow/Kierulff (616) 243-0912. 
MINNESOTA: Arrow/Kieruiff ae 830-1800; HallMark 
ets Ba cee Marshall (612) 559-2211; Schweber 


MISSOURI: A Macao (st 14) 567-6888; HallMark 
314) 291-5350; Marshall (314) 291-4650; Schweber 
314) 739-0526. 


NEW HAMPSHIRE: Schweber (603) 625-2250. 
NEW seas (609) 964 35 Bet at Mare 20 ll 
596-8000; GRS i) Hall-Mai 

515-3000, (609) 35.1900; Marshall (201 S- 20, 
ety Bn 234-9100; Schweber (201) 227-7880, (609) 


NEW MEXICO: Alliance (505) 292-3360. 


NEW YORK: Long Island: Arrow/Kierulff (516) 
231-1000; Halk Mark (516) 737-0600; Marshall (516) 
273-2424: Schweber ry ) 231- -2500; Zeus (914) 
937-7400; 

Rochester: Arrow/Kierulff (716) 427-0300; Hall-Mark 
ie Pore Marshall (716) 235-7620; Schweber 
Syracuse: Marshall (607) 798-1611. 

NORTH CAROLINA: Arrow/Kierulff (919) 876-3132: 
919) 725-8711; Hall-Mark (919) 872-0712: Marshall 
919) 878-9882: Schweber (919) 876-0000 

OHIO: Cleveland: Arrow/Kierulff (216) 248- 3990; 
Hail-Mark (216 one Marshall (216) 248-1788; 
Schweber (216) 464-2970 

Columbus: Hall-Mark (614) 888-3313; 

Dayton: Arrow/Kierulff (513) 435-5563; Marshall (513) 
ee Schweber (513) 439-1800; Zeus (513) 


OKLAHOMA: Arrow/Kierulff (918 oa 7537; Hall-Mark 
(918) 254-6110; Schweber (918) 622-8000 

OREGON: Almac val (0a; 64a GOO. Arrow/Kigrlt (503) 
peas Marsh ) 644-5050; Wyle (503) 


PENNSYLVANIA: Arrow/Kierulff (2 9) 928-1800; GRS 
AP EES 922- yea Marshall (412) 788-0441; Schweber 
TEXAS: a Arrow/Kierulff (512) 835-4180; 

Hall-Mark (512) 258-8848; Marshall or) 837-1991: 
Schweber (512) 339- -0088; Wyle (51 5-8853; 

Dallas: Arrow/Kierulff ie 380-6464; Hall-Mark (214) 
553-4300; Marshall (2 et 33-5200; Schweber 214) 
247-6300; Wyle (214) 235-9953; Zeus (214) 783-7010; 
El Paso: Marshall (915) 593-0706; 

Houston: Arrow/Kierulff (713) 530-4700; Hall-Mark 3)" 
781-6100; Marshall (713) 895-9200; Schweber (7 13 
784-3600; Wyle (713) 879-9953. 

UTAH: Arrow/Kierulff ees -6913; Marshall (801) 
435-1551; Wyle (801) 974-9953 

WASHINGTON: Almac (206 643-9992, 509) 924-9500; 
Arrow/Kierulff ee 575-4420; Marshall (206) 486-5747; 
Wyle (206) 881-1 

WISCONSIN: Arrow/Kierulff (414) 792-0150; Hall-Mark 
414) 797- veep Marshall (414) 797-8400; Schweber 
414) 784-9451 

CANADA: Calgary: Future (403) 235-5325; 
Edmonton: Future (403) 438-2858; 

Montreal: Arrow Canada les -5511; Future (514) 
694-7710; Marshall (514) 694 

Ottawa: Arrow Canada (613) 226-6903; Future (613 
820-8313; Quebec City: Arrow Canada (418) 871-7500; 
Toronto: Arrow Canada (416) 670-7769; Future (416) 
638-4771; Marshall (416)458-8046; 

pencoueet Arrow Canada (604) 291-2986; Future (604) 


Important Notice: Texas Instruments (TI) 
reserves the right to make changes to or to dis- 
continue any semiconductor product or service 
identified in this publication without notice. TI 
advises its customers to obtain the latest version 
of the relevant information to verify, before plac- 
ing orders, that the information being relied upon 
is Current. 


D590 


Printed in the U.S.A. 


TI Worldwide 
Sales Offices 


ALABAMA: Huntsville: 4960 Corporate Drive, Suite 
N-150, Huntsville, AL 35805, (205) 837-7530. 
ARIZONA: Phoenix: 8825 N. 23rd Avenue, Suite 100, 
Phoenix, AZ 85021, ee 995-1007; Tucson: 818 W. 
coe A Suite 43, Tucson, AZ 85705, (602) 


CALIFORNIA: Irvine: 17891 Cartwright Drive, Irvine, CA 
92714, (714) 660-1200; Roseville: 1 Sierra Gate Plaza, 
Suite 255B, Roseville, CA 95678, (916) 786-9208; San 
Diego: 5625 Ruffin Road, Suite 100, San Diego, CA 
92123, (619) 278-9601; Santa Clara: 5353 Betsy Ross 
Drive, Santa Clara, CA 95054, (408) 980-9000; 
Torrance: 690 Knox Street, Building A, Suite 100, 
Torrance, CA 90502, (er) 217-7010; Woodland Hills: 
21550 Oxnard Street, Suite 700, Woodland Hills, CA 
91367, (818) 704-8100. 

COLORADO: Aurora: 1400 S. Potomac Street, Suite 
101, Aurora, CO 80012, (303) 368-8000. 


CONNECTICUT: Wallingford: 9 Barnes Industrial Park 

Road, Wallingford, CT 92, (203) 269-0074. 

FLORIDA: Altamonte Springs: 370 S. North Lake 

Boulevard, Suite 1008, Altamonte Springs, FL 32701, 

407) 260-2116; Fort Lauderdale: 2950 N.W. 62nd 
treet, Suite 100, Fort Lauderdale, FL 33309, (305) 

973-8502; Tampa: 4803 George Road, Suite 390, 

Tampa, FL 33634, (813) 885-7411. 

GEORGIA: Norcross: 5515 Spalding Drive, Norcross, 

GA 30092, (404) 662-7900. 

ILLINOIS: Arlington ta, ae 515 W: oon 

Arlington Heights, IL 60005, (708) 640-2925. 

INDIANA: Carmel: 550 Congressional Drive, Suite 100, 

Carmel, IN 46032, (317) 573-6400; 

Fort Wayne: 118 E. arr. Road, Suite 102, 

Fort Wayne, IN 46825, (219) 482-3311. 

|OWA: Cedar Rapids: 373 Collins Road N.E., Suite 201, 

Cedar Rapids, IA 52402, (319) 395-9550. 

KANSAS: Overland Park: 7300 College Boulevard, 

Lighton Plaza, Suite 150, Overland Park, KS 66210, 

(913) 451-4511. 

MARYLAND: Columbia: 8815 Centre Park Drive, Suite 

100, Columbia, MD 21045, (301) 964-2003. 

MASSACHUSETTS: Waltham: 950 Winter Street, Suite 

2800, Waltham, MA 02154, (617) 895-9100. 

MICHIGAN: Farmington Hills: 33737 W. 12 Mile Road, 

Farmington Hills, MI 48018, (313) 553-1500; Grand 

Rapids: 3075 Orchard Vista Drive S.E., Grand Rapids, 

MI 49506, (616) 957-4200. 

MINNESOTA: Eden Prairie: 11000 W. 78th Street, Suite 

100, Eden Prairie, MN 55344, (612) 828-9300. 

MISSOURI: St. Louls: 11816 Borman Drive, 

St. Louis, MO 63146, (314) 994-2100. 

NEW JERSEY: Iselin: Parkway Towers, 485 E. Route 1 

South, Iselin, NJ 08830, (201) 750-1050. 

NEW MEXICO: Albuquerque: 2820 D Broadbend 

Parkway N.E., Albuquerque, NM 87207, (505) 345-2555. 

NEW YORK: East Syracuse: 6365 Collamer Drive, East 

Syracuse, NY 13057, (315) 463-9291; Fishkill: 300 
estage Business Center, Suite 140, Fishkill, NY 12524, 


914) 897-2900; Melville: 1895 Walt Whitman Road, P.O. 
0x 2936, Melville, NY 11747, “ay 454-6600; Pittsford: 


2851 Clover Street, Pittsford, 534, (716) 385-6770. 
NORTH CAROLINA: Charlotte: 8 Woodlawn Green, 
Charlotte, NC 28217, (704) 527-0933; Raleigh: 2809 
aware: Boulevard, Suite 100, Raleigh, 27525, 
(919) 876-2725. 

OHIO: Beachwood: 23775 Commerce Park Road, 
Beachwood, OH 44122, (216) 464-6100; Beavercreek: 
4200 Colonel Glenn et Suite 600, Beavercreek, 
OH 45431, (513) 427-6200. 

OREGON: Beaverton: 6700 S.W. 105th Street, Suite 
110, Beaverton, OR 97005, (503) 643-6758. 
PENNSYLVANIA: Blue Bell: 670 Sentry Parkway, Blue 
Bell, PA 19422, (215) 825-9500. 


PUERTO RICO: Hato Rey: 615 Mercantil Plaza Building, 


Suite 505, Hato Rey, PR 00918, (809) 753-8700. 
TENNESSEE: Johnson City:3000 Bill Garland Road, 
Johnson City, TN 37601, (615) 461-2192. 

TEXAS: Austin: 12501 Research Boulevard, Austin, TX 
78759, oe 250-7655; Dallas: 7839 Churchill Way, 
Dallas, TX 75251, (214) 917-1264; Houston: 9301 
Southwest A Commerce Park, Suite 360, 
Houston, TX 77074, (713) 778-6592. 

UTAH: Murray: 5201 South Green Street, Suite 200, 
Murray, UT 84123, (801) 266-8972. 

WASHINGTON: Redmond: 5010 148th Avenue N.E., 
Spee | B, Suite 107, Redmond, WA 98052, (206) 
881-3080. 

WISCONSIN: Waukesha: 20825 Swenson Drive, #900, 
Waukesha WI 53186, (414) 782-2899. 

CANADA: Nepean: 301 Moodie Drive, Mallorn Center, 
Nepean, Ontario, Canada K2H 9C4, (613) 726-1970; 
Richmond Hill: 280 Centre Street East, Richmond Hill, 
Ontario, Canada L4C 1B1, (416) 884-9181; St. Laurent: 
9460 Trans Canada Highway, St. Laurent, Quebec, 
Canada H4S 1R7, (514) 335-8392. 


ARGENTINA: Texas Instruments Argentina Viamonte 
1119, 1053 Capital Federal, Buenos Aires, Argentina, 
541/748-3699. 


AUSTRALIA (& NEW ZEALAND): Texas Instruments 
Australia Ltd., 6-10 Talavera Road, North Ryde (Sydney), 
New South Wales, Australia 2113, 

2 887-1122: 5th Floor, 418 Street, Kilda Road, 
Melbourne, Victoria, Australia 3004, 3 267-4677; 171 
Philip Highway, Elizabeth, South Australia 5112, 

8 255-2066. 


AUSTRIA: Texas Instruments GmbH., Hietzinger Kai 
101-105, A-1130 Wien, (0222) 9100-0. 

BELGIUM: S.A. Texas Instruments Belgium N.V., 11, 
Avenue Jules Bordetlaan 11, 1140 Brussels, Belgium, 
(02) 242 30 80. 

BRAZIL: Texas Instruments Electronicos do Brasil Ltda., 
Rua Paes Leme, 524-7 Andar Pinheiros, 05424 Sao 
Paulo, Brazil, 0815-6166. 

DENMARK: Texas Instruments A/S, Marielundvej 46E, 
2730 Henlev, Denmark, (42) 91 74 00. 


FINLAND: Texas Instruments OY, Ahertajantie 3, P.O. 
Box 81, 02101 Espoo, Finland, (90) 461-422. 
FRANCE: Texas Instruments France, 8-10 Avenue 
Morane Saulnier-B.P. 67, 78141 Velizy Villacoublay 
Cedex, France, (1) 30 70 10 03. 


GERMANY (Federal Republic of Germany): Texas 
Instruments Deutschland GmbH., Haggertystrasse 1, 
8050 Aor (08161) 801; Kurfurstendamm 195-196, 
1000 Berlin 15, (030) 8 82 73 65; Dusseldorter Strasse 
40, 6236 Eschborn 1, ioetes) 80 70; Ill, Hagen 
43/Kibbelstrasse 19, 4300 Essen 1, (0201) 24 25-0; 
Kirchhorster Strasse 2, 3000 Hannover 51, (0511) 64 
68-0; Maybachstrasse Il, 7302 Ostfildern 2 (Nellingen), 
(0711) 34 03-0. 

HOLLAND: Texas Instruments Holland B.V., Hogehilweg 
19, Postbus 12995, 1100 AZ Amsterdam-Zuidoost, 
Holland, (020) 5602911. 

HONG KONG: Texas Instruments Hong sang Ltd., 8th 
Floor, Word eb ltt Center, 7 Canton Road, Kowloon, 
Hong Kong, 852-7351 223. 

IRELAND: Texas Instruments Ireland Ltd., 7/8 Harcourt 
Street, Dublin 2, Ireland, (01) 78 16 77. 

ITALY: Texas Instruments Italia S.p.A., Centro 
Direzionale Colleoni, Palazzo Perseo-Via Paracelso 12, 
20041, Aarate Bnanza (Mi), (039) 63221; Via Castello 
della sie iana, 38, 00148 Rome, ee) 5222651; Via 
Amendola, 17, 40100 Bologna, (051) 554004. 

JAPAN: Texas Instruments Japan Ltd., Aoyama Fuji 
Building 3-6-12 Kita-aoyama Minato-ku, Tokyo, Japan 
107, 093-498-2111; MS Shibaura Building 9F, 4-13-23 
Shibaura, Minato-ku, Tokyo, Japan 108, 03-769-8700; 
Nissho-iwai Building 5F, 2-5-8 Imabashi, Chuou-ku, 
Osaka, Japan 541, 06-204-1881; Daini Toyota West 
ey 7F, 4-10-27 Meieki, Nakamura-ku, Nagoya 
Japan 450, 052-583-8691; Kanazawa Oyama-cho Daiichi 
Seimei Building 6F, 3-10 Oyama-cho, Kanazawa, 
Ishikawa, Japan 920, 0762-23-5471; Matsumoto Showa 
Building 6F, 1-2-11 Fukashi, Matsumoto, Nagano, Japan 
390, 0263-33-1060; Daiichi Olympic Tachikawa Bui mg 
6F, 1-25-12, Akebono-cho, Tachikawa, Tokyo, Japan 190, 
0425-27-6760; Yokohama Nishiguchi KN Building 6F, 
2-8-4 Kita-Saiwai, Nishi-Ku, Yokohama, Kanagawa, 
Japan 220, 045-322-6741; Nihon Seimei Kyoto Yasaka 
Building 5F, 843-2, H ashi Shiokohjicho, Higashi-iru, 
Nishinotoh-in, Shiokohji-don, Shimogyo-ku, Kyoto, Japan 
600, 075-341-7713; Sumitomo Seimei Kumagaya 
Building 8F, 2-44 re. Kumagaya, Saitama, Japan 360, 
0485-22-2440; 2597-1, Aza Harudai, Oaza Yasaka 
Kitsuki, Oita, Japan 873, 09786-3-3211; 3-18-36, Minami, 
Hatogaya, Saitama, Japan 334, 0482-82-2211; 4260 
Aza-takao, Ohaza-kawasaki, Hiji-machi, Hayami-gun, 
Oita, Japan 879-15, 0977-72-1111; 2350 Kihara, 
Miho-mura, Inashiki-gun, Ibaragi, Japan 300-04. 
0298-85-3311. 


KOREA: Texas Instruments Korea Ltd., 28th Floor, Trade 
Tower, 159, Samsung-Dong, Kangnam-ku Seoul, Korea, 
2 551 2800. 

MEXICO: Texas Instruments de Mexico S.A., Alfonso 
Reyes 115, Col. Hipodromo Condesa, Mexico, D.F., 
Mexico 06120, 525/525-3860. 

MIDOLE EAST: Texas Instruments, No. 13, 1st Floor 
Mannai Building, Diplomatic Area, P.O. Box 26335, 
Manama Bahrain, Arabian Gulf, 973 274681. 

NORWAY: Texas Instruments Norge AVS, PB 106, 
Refstad peal 53), 0513 Oslo 5, Norway, 

(02) 155090. 

PEOPLE'S REPUBLIC OF CHINA: Texas Instruments 
China Inc., Beijing Representative Office, 7-05 Citic 
Building, 19 Jianguomenwai Daijje, Beijing, China, (861) 
5002255, Ext. 3750. 

PHILIPPINES: Texas Instruments Asia Ltd., Philippines 
Branch, 14th Floor, Ba-Lepanto Building, Paseo de 
Roxas, Makati, Metro Manila, Philippines, 

2 817 6031. 

PORTUGAL: Texas Instruments Equipamento 
Electronico ortueal) Ltda., Eng. Frederico Ulncho, 2650 
Moreira Da Maia, 0 Maia, Portugal (2) 948 1003. 
SINGAPORE (& INDIA, INDONESIA, MALAYSIA 
THAILAND): Texas Instruments Singapore ne) 
Asia Pacific Division, 101 Thomson Road, #23-0 
Square, Singapore 1130, 350 8100. 
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SPAIN: Texas Instruments Espana S.A., c/Gobelas 43, 


Ctra de la Coruna km 14, La Florida, 28023, Madrid, 
Spain, (1) 372 8051; c/Diputacion, 279-3-5, 08007 
Barcelona, Spain, (3) 317 91 80. 

SWEDEN: Texas Instruments International Trade 
Corporation (Sverigefilialen), (visit address: 
Isafjordsgatan 7, an Box 30, S-164 93 Kista, 
Sweden, (08) 752 58 00. 

SWITZERLAND: Texas Instruments Switzerland AG, 
Riedstrasse 6, CH-8953 Dietikon, Switzerland, 

(01) 740 22 20. 


TAIWAN: Texas Instruments Supply Company, Taiwan 
Branch, Room 903, 9th Floor, Bank Tower, 205 Tun Hwa 
N. Road, Taipei, Taiwan, Republic of China, 2 713 9311. 


UNITED KINGDOM: Texas Instruments Ltd., Manton 
Lane, Bedford, England, MK41 7PA, (0234) 270 111. 


Worldwide Regional 
Technology Centers 


NORTH AMERICA 

ATLANTA: Texas Instruments Incorporated, 5515 
Spalding Drive, Norcross, GA 30092, (404) 662-7950. 
BOSTON: Texas Instruments Incorporated, 950 Winter 
Street, Bay Colony Corp. Center, Suite 2800, Waltham, 
MA 02154, (617) 895-9196. 


CHICAGO: Texas Instruments Incorporated, 515 W. 
yh ral Road, Arlington Heights, IL 60005, (708) 


DALLAS: Texas Instruments Incorporated, 7839 
Churchill Way, Park Central-V, MS 3984, P.O. Box 
650311, Dallas, TX 75251, (214) 917-3881. 


INDIANAPOLIS: Texas Instruments inoorperaied, 550 
Congressional, Suite 100, Carmel, IN 46032, (317) 
573-6400. 

IRVINE: Texas Instruments Incorporated, 17891 
Cartwright Road, Irvine, CA 92714, (714) 660-8140. 
MEXICO CITY: Texas Instruments de Mexico, Calle 18E 
No. 507, Ciudad Industrial, 20290 Aguas Calientes, AGS 
20290, 491-70834. 

MINNEAPOLIS: Texas Instruments rg ees 11000 
Sen ee Suite 100, Eden Prairie, 55344, (612) 


OTTAWA: Texas Instruments Incorporated, 301 Moodie 
Drive, Suite 102, Nepean, Ontario,, Canada K2H 9C4 
337, (613) 726-1970. 

SANTA CLARA: Texas Instruments Incorporated, 5353 
at bg Drive, Santa Clara, CA 95054, (408) 


ASIA 


HONG KONG: Texas Instruments Asia Ltd., 8th floor, 
World Sipe Center, 7 Canton Road, Kowloon, Hong 
Kong, 3-7221223 

KOREA: Texas Instruments ee 4 Company, Korea 
Branch, 28th floor, Trade Tower, 159, Samsung-Dong, 
Kangnam-Ku, 2-552-8000. 
SINGAPORE: Texas Instruments Sin 
101 Thompson Road, #23-01, United 
1130, 251-9818. 


TAIPEI: Texas Instruments Supe Com any, Taiwan 
Branch, 9th floor, Bank Tower, Tun Hua N. Road, 
Taipei, Taiwan 10592, Republic of China, 2-7139311. 
TOKYO: Texas Instruments Japan Ltd., Texas 
Instruments Asia Ltd., Aoyama Fuji Building 4/F, 6-12 
Kita-Aoyama 3-Chome, Minato-Ku, Tokyo, 3-498-2111. 
EUROPE 


BEDFORD: Texas Instruments Ltd., Manton Lane, 
Bedford, England MK41 7PA, 234-270 111. 


FREISING: Texas Instruments Deutschland GmbH., 
Haggertystrasse 1, 8050 Freising, Federal Republic of 
Germany, 8161-804152. 


HANNOVER: Texas Instruments Deutschland GmbH. , 
Kirchhorster Strasse 2, 3000 Hannover 51, Federal 
Republic of Germany, 511-648021. 

MILAN: Texas Instruments Italia, S.p.A., Centro 
Direzionale Colleoni, Palazzo Perseo, Via Paracelso 12, 
20041, Agrate Brianza (Mi), (039)-63221. 

VELIZY (Paris): Texas Instruments France, 8-10 
Avenue Morane Sauinier, Borte Postale 67, 
Velizy-Villcoublay Cedex, France, 13-0701001. 
AUSTRALIA 


NEW SOUTH WALES: Texas Instruments Australia Ltd., 
6-10 Talavera Road, North Ryde, New South Wales, 
Australia 2113, 2-887-1122. 

SOUTH AMERICA 

SAO PAULO: Texas Instruments Electronicos do Brasil 
Ltda., Rua Paez Leme, 524-7 Andar, 05424, Sao Paulo, 
Brazil, 11-815-6166. 


re (PTE) Ltd., 
uare, Singapore 
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Important Notice: Texas Instruments (TI) 
reserves the right to make changes to or to dis- 
continue any semiconductor product or service 
identified in this publication without notice. TI 
advises its customers to obtain the latest version 
of the relevant information to verify, before plac- 
ing orders, that the information being relied upon 
is Current. 
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